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Description and Morphology of the Immature Stages of Three 
Closely Related Species of Contarinia Rond. (Diptera: 
Cecidomyiidae) from Galls on Douglas-fir Needles’ 


By S. F. ConprAsHoFF 
Forest Biology Sub-Laboratory, Vernon, B.C. 


A detailed morphological study of the immature stages of Contarinia pseudot- 
sugae Condr., C. constricta Condr. and C. cuniculator Condr., along with their 
description, is presented in this paper. This work is based on examinations of 
several hundred larvae of each species, with numerous observations of larvae in 
the act of moulting and pupating which confirmed the morphological indications 
of three larval instars. Included also is a brief description of the galls associated 
with each midge species. Terminology used in the larval descriptions follows 
that of Méhn 1955. 


Keys to Species of Contarinia from Douglas Fir Needles 


Instar I and II seni 

1. Larva white C. pseudotsugae Condr. 
2. Larva orange : C. constricta Condr. 
3. Larva olive green : : C. cuniculator Condr. 


Instar III 
1. Lobes of sternal spatula broad, bullet-shaped 
Lobes of sternal spatula narrow, wedge-shaped, larva lemon-yellow, occasionally 
white Ps C. cuniculator Condr. 
2. Colour of larva light yellow or mottled with white or orange, rarely white or red 
C. pseudotsugae Condr. 


2 


Colour of larva orange, often red; never white C. constricta Condr. 
Pupae 
1. Spiracular cornicle curved 2 
Spiracular cornicle straight, stout, apex blunt ; C. cuniculator Condr. 
2. Spiracular cornicle slender, curved outward C. pseudotsugae Condr. 
Spiracular cornicle stouter, less curved C. constricta Condr. 
Galls 
1. Discoloration on both upper and lower needle surface; needle usually not distorted 2 
Discoloration only on upper surface of needle, dirty yellow, glossy, waxy; needle 
often distorted at site of injury C. cuniculator Condr. 
2. Needle swollen at site of injury; gall yellow or purple C. pseudotsugae Condr. 


Needle flattened at site of injury; gall yellow with distinct dark spot in centre 
C. constricta Condr. 
Contarinia pseudotsugae Condrashoff 
Condrashoff, 1961. Can. Ent. 93: 123-130. 

Egg (Fig. la). After 24 hours spindle-shaped, anterior end slightly nar- 
rower than posterior. Pale yellow-brown, chorion translucent. Pair of lateral 
fat bodies (B) in the form of white streaks and a large red inclusion (IN) near 
middle of egg. Either end of egg capped with a yellowish fluid. Vitelline 
membrane visible. Mean length 0.33 mm., range 0.30-0.36 mm.; mean breadth 
0.09 mm., range 0.08-0.10 mm. (25 eggs measured). 

Instar I larva: Newly hatched larvae (25 measurements): mean length 
0.21 mm., range 0.18-0.26 mm.; mean breadth 0.08 mm., range 0.08-0.09 mm. 


‘Contribution No. 722, Forest Biology Division, Department of Forestry, Ottawa, Canada; based on a thesis 
for presentation to the Faculty of the Graduate Studies at the University of British Columbia, in partial 
fulfilment of the requirements for the degree of Master of Science. 
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Late instar I larvae: maximum length 0.78 mm., maximum breadth 0.26 mm. 
Cuticle smooth, transparent. Body white; eye-spots reddish to violet, internal 
inclusion yellow, gut light green. Body slightly flattened; anterior end con- 
stricted to a point at head; posterior end gently rounded at anal segment. Head 
capsule (Fig. le) lightly sclerotized; mean width (112 measurements) 33.3y, 
range 28.1-40.6u (Fig. 15); mean — (20 measurements) 37.lu, range 
32.8-39.0u. Antennae (Ant.) curved backward and tapered to a point, 8.0u long 
and 7.4u wide at the base. Mouth parts and other head structures reduced, 
difficult to distinguish. Respiratory system metapneustic with pair of dorsal 
tracheal trunks (DT) joined by a single transverse trunk (DTT) (Fig. 1b). 
Spiracles, on dorsum of 8th abdominal segment pointing backward and slightly 
mesad; atrium cylindrical, slightly broader than trachea, spiracular opening near 
apex; length 9.1u, diameter 8.74 (Fig. 6a). Anus (AN) slitlike, in normal position 
on venter of ninth abdominal segment. 


Dermal structures (Figs. 1c, d). Supernumerary segment with pair of single 
broad lateral spines (LS) about 5.54 long. None of the papillae has a seta or is 
found on a node. No trace of sternal spatula on venter of prothoracic segment. 


Only one pair of collar papillae (vcp) on the supernumerary segment, on the 
venter. One pair of sternal papillae (sp) on anterior portion of each thoracic 
segment. Lateral papillae (Ip) in groups of three with four groups on venter of 
each thoracic segment. Two pairs of pleural papillae (plp) on each segment from 
prothoracic segment to 8th abdominal segment; on the 8th abdominal segment the 
pleural papillae on the dorsum just lateral to the spiracles, on the other segments 
just ventral to the lateral line. A pair of inner pleural papillae (iplp) occur 
laterad to the lateral papillae on each segment. Six ventral papillae on the first 
seven abdominal segments, with an anterior row of four ventral papillae (vp) and 
a pair of posterior ventral papillae (pvp); only four ventral papillae on the 8th 
abdominal segment. 


One pair of anal papillae (ap) lateral to the anus on venter of abdominal seg- 
ment 9. Six dorsal papillae (dp) on the thoracic segments and the first seven 
abdominal segments; 8th abdominal segment with only 1 pair of dorsal papillae 
between the spiracles. Dorsum of ninth abdominal segment with eight terminal 
papillae (tp), of which the caudal pair (ctp) is the most prominent. Transverse 
rows of spinules on dorsal and ventral surfaces of all segments except the super- 
numerary and prothoracic segments. Ventral transverse rows of spinules (VTS) 
consist of 2-6 rows. Dorsal transverse rows of spinules (DTS) consist of two 
anterior rows and one interrupted posterior row. Elliptical papillae found only 
at the posterior margins of the supernumerary segment, one pair each on the 
dorsum (dep) and venter (vep) opposite the posterior processes (PPr) of the 
head capsule. 


Instar II larva: Length, 0.54-1.34 mm.; breadth, 0.26-0.42 mm. (50 measure- 
ments). Body wider and flatter than instar I. Colour white, integument smooth. 
Head capsule (Figs. 3f, 11) amber, incompletely sclerotized; lateral borders and 
posterior margins of capsule, and mouth parts, more heavily sclerotized than 
venter, dorsum or posterior processes; four or six indistinct structures resembling 
papillae on either surface of head; mean width (144 measurements) 55.1u, range 
48.4-62.4u (Fig. 15); mean length (20 measurements) 67.14, range 59.3-73.3u. 
Mouth parts reduced and difficult to distinguish. Antennae situated anteriorly 
on dorsum of head just behind mouth; 9.74 long, 7.0u in diameter, curved out- 
wardly, apex rounded. Respiratory system peripneustic. Spiracles on abdominal 
segments 1-7 situated above lateral line, anterior to dorsal papillae; 9.74 long by 
8.6u in diameter, curved backward; atrium flask-shaped; spiracular opening at tip 
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Figs. 1-2. 1, Contarinia pseudotsugae; a, egg; b, newly hatched larva; c, instar I larva, 
dorsum; d, instar I larva, venter; ¢, instar I larva head, dorsal aspect. 2, C. cuniculator, instar 


I larva head, dorsal aspect. 
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of spiracle (Fig. 6b). Prothoracic spiracles similar to abdominal spiracles, except 
that they are situated more dorsad, posterior to the dorsal papillae, and projecting 
backward. Terminal spiracles situated dorsally on eighth abdominal segment 
and projecting backward and slightly inward at a downward angle; length 11.4u, 
diameter 9.7u, rounded; spiracular opening placed slightly mesad near tip of 
spiracle (Fig. 6c). Anus slit-like, situated on venter of ninth abdominal segment. 


Dermal structures (Fig. 3a-e). Supernumerary segment with 4-8 broad 
lateral spines (LS) on each side just above lateral line. Venter of prothoracic 
segment with primordium (PSS) of the sternal spatula near the centre. This 
primordium (Fig. 3c) lightly sclerotized, with a pair of small projections which 
probably represent the anterior lobes of the sternal spatula; primordium about 
12.2u long and 18.34 broad. Except for the elliptical and the degenerate papillae, 
the remaining papillae are found on small nodes. Only the terminal papillae and 
inner lateral papillae have a seta. 


Three pairs of collar papillae on supernumerary segment; one ventral (vcp), 
one dorsal (dep) and one lateral (lap). One pair of sternal papillae on anterior 
portion of each thoracic segment; members of pair on the mesothoracic segment 
placed farther apart than on the other two segments. Lateral apillae normal in 
number and position as in instar I; inner pair in each group of three with a seta 
less than 1.54 long. Pleural papillae similar to instar I in number and position. 
The inner pleural papillae occur progressively farther from lateral papillae on 
thoracic segments I, II and III; on the prothoracic segment nodules of lateral 
papillae and inner pleural papillae are continuous (Fig. 3d). Ventral papillae 
similar to instar I in their number and position. Anal papillae consist of one 
papilla on each side of the anus and 2 pairs of degenerate papillae lateral to the 
posterior end of the anus. Dorsal papillae of prothorax eight in number, includ- 
ing a pair of degenerate papillae (dp); dorsal papillae on other segments similar 
to instar I in number and position. Of the eight terminal papillae, the two caudal 
papillae (ctp) with stout, dark, rounded projections 4.74 long by 4.14 in diameter; 
the two papillae between the caudal papillae with a seta 2.4u long; of the two 
pairs of lateral terminal papillae the anterior has a seta 2.0u long, and the posterior 
has a seta 4.74 long. Transverse rows of spinules occasionally on dorsum in one 
or two rows on anterior fourth of thoracic segments II and III and abdominal seg- 
ments 1-8. Ventral transverse rows of spinules on all except supernumerary and 
prothoracic segments; mesothoracic segment with about six rows of spinules 
(Fig. 24) which are arranged in a shallow V-shaped formation and tend to be 
covered by folds of the integument; ninth abdominal segment with 2-3 short rows 
of spinules just above anus; the other segments with 10-14 rows of spinules. Anus 
surrounded laterally by 6-8 vertical rows of spinules (VS). Elliptical papillae on 
all segments except the prothoracic and anal segments. Dorsal elliptical papillae 
(dep) situated at posterior of supernumerary segment and on the anterior of each 
of the other segments. Six ventral elliptical papillae (vep) on supernumerary 
segment, one pair just anterior, one pair lateral and one pair posterior to the 
ventral collar papillae; other segments with four ventral elliptical papillae, the 
median pair lying within the anterior rows of the transverse rows iP inules. 
On the meso- and metathoracic segments the four ventral elliptical ale are 
about equidistant; on the abdominal segments the inner pair of ventral elliptical 
papillae are close together and about opposite the inner pair of ventral papillae; 
the outer pair of elliptical papillae occur just anterior to the transverse rows of 
spinules near their lateral margin. 


Instar III larvae: Mean length (20 measurements) 2.31 mm., range 1.57-2.78 
mm.; mean breadth (10 measurements) 0.67 mm., range 0.63-0.71 mm. Living 
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Fig. 3. Contarinia pseudotsugae, Instar II larva: a, dorsum, anterior; b, dorsum, posterior 
(abdominal segment 9 enlarged); c, primordium of sternal spatula; d, lateral papillae and 
inner pleural papilla; e, venter; f, head, dorsal aspect. 
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larva slightly flattened; anterior end tapered from first abdominal segment to head; 
caudal end a rounded, blunt. Distended preserved specimens (Figs. 22, 
23) appear cylindrical, segments deep; anterior segments confluent with dorsal 
plane, posterior segments confluent with ventral plane. Colour variable, mostly 
ranges from pale yellow to light orange, with a few larvae (about 5%) red or 
white. Prepupal larvae are turgid and anterior end becomes cleared of fat. 
Integument smooth. Head capsule (Fig. 13) more elongated than in instar II; 
mean width (102 measurements) 62.74, range 54.6-71.8u (Fig. 15); mean length 
(20 measurements) 96.4u, range 85.8-109.2u. Antenna (Fig. 7) stout; basal 
segment (bs) short and broad (2.6 x 13.2u); second segment (S:) 13.2u long 
by 8.0u in diameter, constricted slightly near base; a small circular cap (cc) 
situated on the apex; a tiny protuberance (p) on the circular cap. Super- 
numerary segment divided into three sections by two folds of the integument, 
one (AF) just behind the head, the other (PF) immediately behind the elliptical 
papillae. Venter of mesothoracic segment with the anterior portion that bears 
the papillae greatly extended; a depression (MD) in the middle of this segment 
behind the sternal papillae. Respiratory system usually peripneustic, though 
holopneustic larvae are frequently found; tracheal network typical of the family 
(Fig. 5); position of spiracles similar to instar II. Prothoracic spiracle (Fig. 
6d) cylindrical, 12.54 long by 11.34 broad; atrium clavate, with 2 branches 
leading to spiracular openings. Metathoracic spiracle (Fig. 6e) hemispherical, 
very lightly sclerotized, atrium poorly developed, with a single spiracular opening; 
length 8.0u, breadth 11.44. Spiracles of abdominal segments 1-7 similar to pro- 
thoracic spiracles. Spiracle of abdominal segment 8 (Fig. 6f) projects back- 
ward and outward; atrium branches out to four spiracular openings; length 14.81, 
breadth 13.14. Anus on venter of ninth abdominal segment, 0.10 mm. long. 


Dermal structures (Figs. 4a-d). Supernumerary segment without spines. 
Except for elliptical and degenerate papillae, the remaining papillae are found on 
broad nodes. Sternal spatula (StSp) in venter of prothoracic segment; only the 
bilobed head of spatula protrudes outside the cuticle. Shape of spatula variable; 
lobes of its head broadly pointed; posterior expanded and spatulate (Fig. 12a-d). 
Mean length of spatula (20 measurements) 0.236 mm., range 0.212-0.272 mm.,; 
mean width of spatula head (91 measurements) 37.34, range 29.6-48.4u. 


Collar papillae situated just behind anterior fold (AF) of supernumerary seg- 
ment and arranged as in instar II. Sternal papillae as in instar II; pair of oblong 
papillae (esp) on prothoracic segment lateral to the sternal papillae. Lateral 
papillae as in instar II; inner pair of — in each group of three with a seta 
about 1.5-2.0u long. The pleural papillae, including the inner pleural papillae, 
situated similar to instar II; an additional pair of degenerate pleural papillae 
(dplp) between the pleural papillae of the first two thoracic segments. Ventral 
papillae equal in number and similar in position to instar II. The lateral pair of 
anal papillae are better developed than in instar I]. Ten dorsal papillae (dp,-s) 
including two pairs of degenerate papillae (dp, and dp,) on each thoracic and first 
eight abdominal segments. The well-developed dorsal papillae (dp,, dp,, dp,) 
maintain their relative position in all these segments; the outer pair of degenerate 
dorsal papillae (dp,) shift from a position behind dp, on thoracic segment I to a 
position mesad to dp, on thoracic segment III and on the abdominal segments; the 
inner pair of degenerate dorsal papillae (dp,) shift from a position lateral to dp, 
on abdominal segment I to a position anterior and slightly lateral to dp, on 
abdominal segment 7; abdominal segment 8 with only one pair of well developed 
dorsal papillae situated between the spiracles. The terminal papillae arranged 
as in instar II; the projections of the caudal terminal papillae curved upward to 








—V 








XClll THE CANADIAN ENTOMOLOGIST 839 





Fig. 4. Contarinia pseudotsugae, instar III larva: a, dorsum; b, venter of prothoracic seg- 
ment; c, dorsum of apex of abdominal segment 9; d, venter. 
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rounded tip, length 18.14, diameter 13.6u; base of these terminal papillae in a 
depression clothed with tiny spinules; the terminal papillae between the caudal 
terminal papillae have a seta 6.0u long; of the lateral terminal papillae the anterior 
pair with a seta 6.8u long and the posterior pair with a seta 10.0u long. Trans- 
verse rows of spinules absent on dorsum. Ventral transverse rows of spinules 
arranged in 10-12 rows on mesothoracic segment and partly concealed by a fold 
of integument; the metathoracic and first eight abdominal segments with 16-24 
rows of spinules; anal segment lacks the transverse rows. Anus surrounded with 
10-12 vertical rows of spinules. As in instar II, elliptical papillae absent on the 
prothoracic and anal segments. The pair of dorsal elliptical papillae on the 
supernumerary segment in front of the posterior fold (PF). One pair of dorsal 
elliptical papillae near the anterior margin of the other segments. A pair of 
ventral elliptical papillae situated in front of the posterior fold of the super- 
numerary segment; the ventral elliptical papillae of the other segments are similar 
to instar II in number and position. 


Prothoracic segment with pair of spinules (Is) laterad to the sternal spatula. 
Venter of each thoracic segment with a pair of spinules (pls) situated just anterior 
to the inner pleural papillae. Abdominal segment 8 with pair of spinules (pls) 
laterad to the ventral papillae. 


Pupa: Size: male (7 measurements) mean length 2.10 mm., range 1.92-2.31 
mm., mean breadth 0.66 mm., range 0.58-0.74 mm.; female (6 measurements) mean 
length 2.11 mm., range 1.63-2.56 mm., mean breadth 0.72 mm., — 0.54-0.83 
mm. Head and thorax constitutes about half the body length. Colour yellow 
to orange. Dorsum of thoracic segments (Fig. 16a) covered with fine pili less 
than 24 long; both dorsum and venter of abdominal segments with broad patches 
of coarse spinules 2-5u long; the venter of the prothorax and remainder of the 
pupa smooth. Cephalic segment (CS) in two sections; the anterior portion bears 
the pupal antennae (PA) and a median bilobed process (CPr). Pupal antennae 
slender and hair-like, about 0.2 mm. long, situated on broad lobes (APr); a pair 
of prominent papillae (Ap) without setae adjacent and mesad to the antennal base 
(Fig. 20). Prothoracic segment (T,) bears the spiracular cornicle (SC), three 
pairs of minute median = (mp) with a seta 1.9u long and arranged in a 
circle just behind the cephalic segment; lateral to median papillae are three pairs of 
anterior papillae (ap) with a seta about 2.9u long, and a pair of rounded processes 
(PPr) 1.8u long and 8.6u broad at the base; of, the two pairs of papillae toward 
the lateral margin of the segment, the pair mesad to the spiracular cornicle is more 
prominent and without a seta; the anterior pair has a seta. Spiracular cornicle 
(Fig. 8) slender, heavily sclerotized, and curved outward; spiracular opening near 
tip; mean length (16 measurements) 0.171 mm., range 0.142-0.188 mm. The 
mesothoracic segment (T);) is large, convex, and forms the dorsal - of the 
thorax; longitudinal median suture bordered with small irregular — es; pair of 
anterior dorsal papillae (adp), three pairs of posterior dorsal papillae (pdp) and 
two pairs of papillae at the lateral margins, all with setae 3.8-5.74 long. Meta- 
thoracic segment (T),,) short and broad, with a pair of lateral lobes (HL) that 
contain the halteres; the first, third, and fifth pairs of papillae in the dorsal row 
and the two pairs of papillae at the margins all with setae 2.9-3.8u long. Dorsum 
of abdominal segments 1-7 (Fig. 16b, c) with two pairs of papillae on the anterior, 
five pairs on the posterior, and one pair on the lateral portion of the segment; all 
papillae have a seta except the second and fourth pairs in the posterior row. 
Abdominal segment 8 with only one pair of posterior dorsal papillae. On 
abdominal segment 1 the members of each pair of anterior papillae are close 
together; the first posterior papilla on a common node with the second, and the 
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Contarinia pseudotsugae, respiratory system of instar III larva, ventral aspect. 
Am, ampulla; DA, posterior dorsal trachea from prothoracic spiracle; DH, trachea from 
prothoracic spiracle to head; DT, dorsal tracheal trunk; DTT, dorsal transverse trachea; DV, 
ventral branch of dorsal trunk in eighth abdominal segment, HC, head capsule; LT, lateral 
transverse trachea; SP, prothoracic spiracle; Sp..,, abdominal spiracles; Spm, metathoracic 
spiracle; StSp, sternal spatula; VA, posteriorly directed trachea from ventral trunk; VB, an- 
teriorly directed branch from ventral tracheal trunk in abdominal segments, VP, posteriorly 
directed ventral trachea from spiracle on the seventh abdominal segment; VT, ventral tracheal 
trunk; VV, ventrally ramifying trachea from ventral trunk. 
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Figs. 6-10. 6, Spiracles of Contarinia pseudotsugae: a, instar I larva; b, abdominal, instar 
II larva; c, terminal, instar II; d, prothoracic, instar III; e, metathoracic, instar III, f, terminal, 
instar III; g, abdominal, pupa. 7, Left antenna (dorsal aspect) of C. pseudotsugae. 8-10, 13 
Spiracular cornicles: 8, C. pseudotsugae; 9, C. constricta; 10, C. cuniculator. 33 
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Figs. 11-14. 11, 13, Head capsule of Contarinia pseudotsugae: 11, instar II, lateral aspect; 
13, instar III, ventral aspect. 12, 14, a-d, Outlines of sternal spatulae; 12, C. pseudotsugae; 
13, C. cuniculator. 
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third posterior papilla on a common node with the fourth. Anterior dorsal 
papillae from abdominal segment 2 to 7 well separated in two rows, only first and 
second posterior dorsal papillae on a common node. The anal segment 
(abdominal segment 9) of the female (Fig. 16b) is short and divided into a slightly 
cleaved, shagreened, anterior plate (API) and a smooth posterior plate (PPI) 
followed by the small anal fold (AN). In the male the anal segment (Fig. 16c) 
much longer and larger; the anterior plate strongly cleaved and truncate; the 
posterior plate suppressed and followed by two pairs of prominent lobes, of which 
the smaller upper lobes (DLP) represent the dorsal plate and the larger lower 
lobes (DST) the dististyle of the imaginal terminalia. In the female pupa the 
anal segment has three pairs of papillae with setae arranged in longitudinal rows; 
of these, two pairs are situated on the anterior plate and one pair on the posterior 
plate; in the male these papillae are arranged in median, lateral, and posterior 
pairs. All setae on the dorsum of the abdomen 2.9-3.8u long. Spiracles difficult 
to locate and to distinguish; spiracles were not found on first abdominal segment. 
Spiracles of abdominal segments 2-6 (Fig. 6g) small, oval and lightly sclerotized; 
atrium oval, spiracular opening indistinct; length 11.4u, diameter 5.8u. Abdom- 
inal segments 7 and 8 with poorly developed unsclerotized spiracles; spiracles of 
segment 8, when visible, appear to be soft and distendable. 

The ventral surface of the head (Fig. 19) consists of a pair of imaginal 
antennae (IA), eyes, palps (PLP), clypeus (CLP) and labellae (LB). Imaginal 
antennae with pair of cephalic thorns (CT) (Fig. 18) on anterior dorsal surface 
and a pair of anterior cephalic papillae (acp) below the thorns. Clypeus sup- 
ports a pair of inferior papillae (icp) with tiny setae less than 1.0u long, and a 
pair of superior papillae (scp) with longer setae. Two pairs of supraclypeal 
papillae (sucp) above the clypeus, of which the mesial pair is without a seta and 
the outer pair has a seta 15.0u long. A group of three papillae (op) above the 
base of each palpus; the lower papilla with a seta 16.0u long. Venter of abdom- 
inal segments (Fig. 21) with two pairs of median anterior papillae, two pairs of 
lateral anterior papillae, and two pairs of posterior lateral papillae; abdominal 
segment 8 lacks one pair of lateral anterior papillae. All papillae on venter of 
abdomen with setae 2.9-3.8u long. Venter of anal segment without papillae. 


Cocoon: External cover thin and leathery; shape oval; size variable, about 
2.5 mm. long and 1.5 mm. broad. 


Contarinia constricta Condrashoff 
Condrashoff, 1961. Can. Ent. 93: 123-130. 

Egg: No data. 

Instar I larva: Maximum length 0.95 mm., maximum breadth 0.36 mm. 
Cuticle smooth and _ transparent. Body orange, slightly flattened, clavate; 
broadest at the metathoracic segment, from which the body tapers abruptly 
anteriorly, and tapers toward the posterior; abdominal segments 5, 6 and 7 greatly 
reduced in depth, making the posterior end of the body appear constricted. 
Head capsule size as follows: mean width (112 measurements) 33.8u, range 
28.1-40.6u (Fig. 15); mean length (20 measurements) 36.74, range 31.2-40.6u. 
Other characteristics similar to C. pseudotsugae. 

Instar II larva: Length 0.55-1.46 mm., breadth 0.29-0.51 mm. Body slightly 
flattened, uniform; anterior end tapered from thorax to head; posterior end gently 
rounded; all segments well developed. Colour orange. Head capsule size: mean 
width (126 measurements) 57.7u, range 51.5-64.0u (Fig. 15); mean length (20 
measurements) 71.1u, range 62.4-79.6u. Other characteristics similar to C. 
pseudotsugae. 
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Fig. 15. Larval head capsule widths in microns. 
Il by horizontal, and instar III by diagonal lines. 
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Fig. 16. Dorsum of pupa of Contarinia pseudotsugae: a, anterior; b, posterior of female 
(abdominal segment 9 enlarged); c, posterior of male (tip of abdominal segment 9 enlarged). 
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Instar III larva: Mean length (20 measurements) 2.47 mm., range 2.08-2.78 
mm.; mean breadth (10 measurements) 0.70 mm., range 0.67-0.78 mm. Orange 
to red. Head capsule size: mean width (112 measurements) 66.2u, range 
59.3-76.4u (Fig. 15): mean length (20 measurements) 105.84, range 93.6-110.8u. 
Mean length of sternal spatula (7 measurements) 0.240 mm., range 0.224-0.268 
mm.; mean width of head (100 measurements) 39.34, range 32.8-45.2¢. Other 
characteristics similar to C. pseudotsugae. 

Pupa: Size: male (2 measurements) — length 2.02, 2.24 mm., and breadth 
0.70 mm.; female (4 measurements) mean length 2.37 mm., range 2.18-2.72 mm., 
mean breadth 0.76 mm., range 0.64-0.96 mm. Colour orange. Spiracular 
cornicle (Fig. 9) stouter than in C. pseudotsugae and not as curved; mean length 
(7 measurements) 0.152 mm., range 0.135-0.168 mm. Other characteristics as in 
C. pseudotsugae. 

Cocoon: No data. 


Contarinia cuniculator Condrashoff 
Condrashoff, 1961. Can. Ent. 93: 123-130. 

Egg: No data. 

Instar I larva: Maximum length 0.65 mm., maximum breadth 0.26 mm. 
Cuticle smooth and fragile. Colour pale olive-green. Body cylindrical, turgid, 
tapered at anterior end and rounded at posterior end. Head capsule size as 
follows: mean width (172 measurements) 30.0u, range 25.0-32.8u (Fig. 15); 
mean length (20 measurements) 31.2u, range 28.1-34.3u, antennae bullet-shaped 
(Fig. 2). Other characteristics similar to C. pseudotsugae. 

Instar II larva: Length 0.44-1.25 mm., breadth 0.23-0.43 mm. Body flatter 
than instar I. Colour yellowish green. Lateral spines of supernumerary segment 
number 2-6 on each side and are usually on a discrete base. Head capsule size: 
mean width (129 measurements) 49.74, range 45.2-56:2u (Fig. 15); mean length 
(20 measurements) 55.1u, range 46.8-59.3u. Other characteristics similar to C. 
pseudotsugae. 

Instar III larva: Mean length (20 measurements) 2.16 mm., range 1.53-2.59 
mm.; mean breadth (10 measurements) 0.54 mm., range 0.43-0.67 mm. Body 
long, slender, only slightly flattened. Colour lemon-yellow, sometimes white. 
Head capsule size: mean width (59 measurements) 55.8u, range 51.5-59.3u (Fig. 
15); mean length (20 measurements) 92.4u, range 84.2-106.1u. Shape of sternal 
spatula (Figs. 14a-d) variable; lobes of head narrow and pointed; posterior of 
spatula expanded, frequently truncate; mean length (20 measurements) 0.195 mm., 
range 0.172-0.248 mm.; mean width of head (54 measurements) 31.4u, range 
28.1-35.9u. Other characteristics similar to C. pseudotsugae. 

Pupa: Size (2 females measured): length 2.15, 2.24 mm.; breadth 0.64 mm. 
Colour deep yellow. Spiracular cornicle stout, straight, apex blunt; mean length 
(3 measurements) 0.128 mm., range 0.116-0.135 mm. Seta in the group of 
papillae (Fig. 17) above the base of the palpus curved downward and about 
28.6u long. Other characteristics similar to C. pseudotsugae. 


The Galls 


Damage to the infested needles is in the form of discoloration and 
deformation of affected needle tissue. Though there is no great proliferation of 
plant tissue, the damage by each of the midge species represents a definite and 
recognizable gall that can be easily identified. 

Contarinia pseudotsugae causes the lower surface of the needle to become 
swollen in the area infested with larvae; the swelling is accompanied by yellow or 
purple discoloration on both needle surfaces over the affected area. ~ 
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Figs. 17-24. 17, Group of papillae above base of palpus in pupa of Contarinia cuniculator. 
18-21, Pupa of C. pseudotsugae; 18, lateral aspect of head; 19, ventral aspect of anterior; 20, 
frontal aspect of cephalic plate bearing antennal bristles and median cephalic process; 21, 
venter of posterior. 22, 23, Distended instar III larva of C. Pseudotsugae; 22, ventral —< 
23, lateral aspect. 24, Ventral transverse rows of spinules on mesothoracic segment of C. 
pseudotsugae instar Il larva. 
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TABLE I 
Comparative Morphology: of Larval Instars of Contarinia jovatetonges 


| 

















Instar I | Instar II | Instar III 
He: ” capsule, mean width (microns) | 33.3 55.1 62.7 
Respiratory system | metapneustic | peripneustic | peripneustic/holopneustic 
Number of ventral transverse rows off 
spinules 2-6 6-14 10-24 
Number of dorsal transverse rows of } | 
spinules_ 3 1 usually absent 
Lateral spines on supernumerary seg- 
ment single 4-8 absent 
Shape of antenna curved, apex | curved, apex| straight, bullet-shaped 
pointed | rounded 
Base of papillae none | small node | broad node 
Elliptical papillae on supernumerary 
segment (No. pairs) 2 4 2 
Elliptical papillae on TIT to A7, absent 3 3 
Elliptical papillae on A8 (No. pairs) | absent 3 3 
Collar papillae (No. pairs) 1 3 3 
Dorsal papillae (No. pairs) 3 3,+ extra pair} 3,+2 pairs of degenerate 
| degenerate | papillae 


|papillae on TI 
Setae on lateral papillae and terminal 


papillae absent | present | present 
Pleural papillae on TI and TII 
(No, pairs) 2 2 2,+1 pairs of 
degenerate papillae 
Anal papillae (No. pairs) 1 \1,+ 2 pairs of 3 
| degenerate | 
papillae 


C. constricta causes the infested portion of the needle to become widened and 
flattened; the infested portion is yellow in colour with a purple or black spot 
0.5-1.0 mm. in diameter that can be seen on both surfaces of the needle. The 
larva is always found directly under this black spot on the needle tissue. 

C. cuniculator makes a gall i in the upper surface of the needle. The affected 
portion is slightly swollen on the upper surface; colour is dirty yellow with a 
glossy, waxy appearance; the needle is frequently bent at the site of injury. 


Discussion 


Comparative morphology of larval instars: Relatively few attempts have 
been made in the past to describe the morphology of larval instars in gall midges. 
One of the more detailed of such descriptions is included in the work of R. S. 
Pitcher (1955) in which the larval instars are described for several species in the 
genus Thomasiana Strand. Three instars are separated on the following bases: 
head capsule width; development of respiratory system; presence or absence of 
sternal spatula; state of development or absence of lateral spines on supernumerary 
segment; development of spinules on epidermis; development of lateral abdominal 
setae; body colour. Metcalfe (1933) recognizes four larval instars in Dasyneura 
leguminicola Lint.: first instar without papillae, spines or spatula, and meta- 
pneustic; second instar with weakly developed cuticular spines and papillae, and 
arse third instar with well developed papillae and spines, spatula complete, 
larva faintly pink; fourth instar larva deep pink, spatula dark. Measurements of 
larvae are also included. 

The larval stadia of Contarinia pseudotsugae, C. constricta, and C. cuni- 
culator, are characterized by a number of distinctive features in addition to gross 
considerations, such as body size. These morphological features are summarized 
in Table I, using C. pseudotsugae for an example. 








850 THE CANADIAN ENTOMOLOGIST October 1961 


Additional characteristics peculiar only to instar III: pair of oval papillae 
lateral to sternal papillae on prothoracic segment; pair of spinules lateral to 
sternal spatula; pair of spinules anterior to inner pleural papillae; pair of spinules 
lateral to ventral papillae of the eighth abdominal segment. 


Pupal morphology: The morphology of cecidomyiid pupae has not received 
much attention except for general structural features, such as antennal bristles, 
spiracular cornicle, cephalic thorn, etc., for this reason use of a definite terminol- 
ogy in pupal chaetotaxy of these Contarinia spp. has been postponed pending 
detailed studies of other groups of Diptera. There are, however, a number of 
similarities with the larval chaetotaxy. The posterior row of papillae on the 
dorsum of the abdomen and metathorax in the pupa is homologous in position 
to the dorsal papillae in the larva, the papillae with setae representing the prom- 
inent dorsal papillae, and those without setae representing the degenerate dorsal 
papillae. The lateral abdominal papillae of the pupa probably correspond to the 
larval pleural papillae, although the ventral abdominal papillae in the pupa are 
arranged differently from those in the larva. Papillae of the anal pupal segment 
are suggestive of the setaceous larval terminal papillae. Thoracic papillae are 
considerably modified in their position. 


Diagnostic characters: Larval and pupal morphology is very similar in these 
three species of Contarinia. Features helpful in separating the species are colour, 
shape, head-capsule measurements, form of sternal spatula, shape of antenna in the 
larva, and size and shape of the spiracular cornicle on the prothorax of the pupa. 
The usefulness of gross larval characteristics for identification of the species varies 
between instars; for example in the first and second instar all three species may 
be distinguished by colour alone, whereas larvae in the third instar are varied in 
coloration. tn the third instar Contarinia cuniculator may be easily distinguished 
by the distinctive shape of the sternal spatula, whereas there are no constant 
characters to separate C. pseudotsugae from C. constricta. In the pupal stage the 
spiracular cornicles are helpful, though of limited use, in separating these species. 
The simplest means of identifying the immature stages (other than egg) is 
through associating them with their galls, which are characteristic for each of 
these species. 

Generic relationship of larvae: C. pseudotsugae, C. constricta and C. cuni- 
culator deviate somewhat from Mohn’s (1955) description of the genus Con- 
tarinia, mainly in their possession of five pairs of dorsal papillae instead of three 
pairs and in having three pairs of pleural papillae on the first two thoracic seg- 
ments instead of two pairs. Third instar Contarinia oregonensis Foote from 
Douglas-fir cones have a similar chaetotaxy, including presence of the spinules 
mentioned above. These features are also found on another, still undescribed, 
species of Contarinia from Douglas-fir cones. The extra pairs of papillae are 
very small and degenerate and probably represent remnants of the structures 
which might have disappeared in other species. 


The tracheal network is similar to that of Clinodiplosis cilicrus Kieffer, 
Lestodiplosis miki Kieffer (Otter, 1938) and Cecidomyia resinicoloides Williams 
(Williams, 1910). 


Summary 
Morphology of immature stages of three gall midges is described and figured, 
including chaetotaxy of larval instars and pupa. These species are: Contarinia 
pseudotsugae, C. constricta and C. cuniculator, all from galls on the needles of 
Douglas-fir Pseudotsuga menziesii (Mirb.) Franco. 
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Effects of Temperature and Moisture on Survival of Parasites in 
Stored Winter Moth, Operophtera brumata (L.) 
(Lepidoptera: Geometridae) 


By G. E. Maysee ano H. G. Wy ie 


Entomology Research Institute for Biological Control, Research Branch 
Canada Department of Agriculture, Belleville, Ontario 


Cocoons of winter moth, Operophtera brumata (L.), reared from larvae 
collected in Europe, were imported to obtain insect parasites for release in Canada. 
Normally the sequence of handling the host cocoons consisted of: summer storage 
(July to October); autumn storage (October to December) during which host 
emergence occurred; winter storage (January to May); and, finally, a period of 
incubation (May to June) to obtain parasites in time for release against the larval 
stage of the host. 

Cocoons received in 1954 were stored at 70°F. and 85 per cent relative 
humidity during July and August and at 60°F. and 85 per cent relative humidity 
during September and October. They were then reared at 46°F. and 85 per 
cent relative humidity until the end of December, when moth emergence was 
completed, and subsequently at 36°F. and 85 per cent relative humidity until May. 
At that time cocoons were incubated for parasite emergence at 64°F. and 65 per 
cent relative humidity. Approximately 20 per cent of the parasites emerged. 
Cocoons received in 1955 were stored during the summer at 64°F. in sterilized 
moist beach sand. Mould developed when moisture was excessive. From this 
material 50 per cent of the parasites emerged. These preliminary results in- 
dicated that the effects of temperature, moisture, and mould inhibitors on survival 
of parasites of the winter moth in storage should be investigated. 

In July, 1956, 800 cocoons were dissected shortly after arrival from Versailles, 
France. The parasite complex was: Cyzenis albicans (Fall.) (Diptera: 
Tachinidae) 22.4%, Lypha dubia (Fall.) (Diptera: Tachinidae) 0.5%, Netelia 
latungula (Thomis.) (Hymenoptera: Ichneumonidae) 0.5%, and Phorocera 
obscura (Fall.) (Diptera: Tachinidae) 0.1%. The percentage parasitization by 
Agrypon flaveolatum (Grav.) (Hymenoptera: Ichneumonidae) which was in 
the egg or early larval stage within the host, could not be determined accurately at 
this time. 
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TABLE I[ 


Effects of temperature and moisture during summer storage 
on survival of C. albicaxs 

















Moisture = a J 
64°F. 56°F 46°F | 36°F 

Contact | 79 92 65 | 74 ‘1 
90% R.H. 54 44 43 71 
75% R.H. 23 38 22 | 57 
60% R-H. 3 | 15 8 60 
45% RH. 1 | 5 | 49 
| 4 37 


30% R.H. 0 1 


The following procedure was used to determine the effects of temperature 
and moisture during summer storage. Twenty-four lots of 800 cocoons each 
were prepared. Four groups of six lots each were held at temperatures of 64°F., 
56°F., 46°F., and 36°F. respectively from July to October. One lot of each 
group was stored in a mixture of sterilized vermiculite and peat moss which was 
sprayed periodically with distilled water to maintain moisture in contact with the 
cocoons. The remaining five lots of each group were stored in desiccators in 
which the relative humidity was maintained, with sulphuric acid solutions, at 90, 
75, 60, 45, and 30 per cent respectiv ely. Thus, the effects of four summer storage 
temperatures were determined in relation to six moisture conditions. 

In October all the cocoons were removed from the desiccators and spraying 
of the other four lots was discontinued. All 24 lots were at 46°F. until host 
emergence was completed in early January, then were stored at 36°F. until May, 
when the temperature was gradually increased to 64°F. As well as being used to 
study the effects of temperature and moisture during the previous summer, these 
cocoons were used to determine the effect of moisture during incubation in spring. 
This was done in May by incubating one half of each lot in a dry mixture of 
vermiculite and peat moss and one half in a mixture moistened with distilled water. 

The effects of temperature and moisture during summer storage on survival 
of C. albicans are indicated in Table I. Data shown are only for cocoons that 
had contact moisture following incubation in May; however, data for those 
incubated without it lead to similar conclusiéns. There was no emergence of 
L. dubia, P. obscura, or N. latungula. Data for A. flaveolatum are limited, so, 
unless otherwise indicated, the following observations apply to C. albicans only. 

Contact moisture during summer enhanced survival of C. albicans regardless 
of temperature. When moisture was lacking, progressively lower relative 
humidities increased mortality at all temperatures; however, at 36°F. survival was 
fairly high even when the relative humidity was only 30 per cent. Best survival 
occurred when contact moisture was available at 56°F. A. flaveolatum survived 
only at the two higher temperatures, and data are insufficient to show the effect 
of moisture on it. 

The following procedure was used to determine the effects of temperature 
and moisture during winter storage. In July 1956, 12 lots each of 800 host 
cocoons were prepared shortly after the cocoons were received from Versailles. 
They were reared at 64°F. and a relative humidity of 50-60 per cent until 
October, and at 46°F. from October to December, when host adults emerged. 
Early in January two groups of six lots each were stored at 26°F. and 36°F. 
respectively. To determine the effects of temperature and moisture during 
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TABLE II 
Effects of temperature and moisture during winter storage 
on survival of C. albicans 








Per cent emergence after storage at 








Moisture 
36°F. | 26°F. 
Contac t 17 25 
® R.H. 11 16 
784 R.H. 5 10 
i @ R.H. 1 9 
ref R.H. 3 5 


30% R.H. 0 | 5 


winter, they were tested under the same six conditions of moisture and humidity 
as in the previous experiment. In May the temperature was gradually increased 
to 64°F. Each lot was then subdivided, as in the previous experiment, to deter- 
mine the effect of moisture in spring on parasite emergence. 


The effects of temperature and moisture during winter storage on survival of 
C. albicans are shown in Table II. As in the previous experiment, data shown 
are only for cocoons that had contact moisture following incubation in May. 
Percentage emergence in all lots was low because the cocoons had been reared 
at only 50-60 per cent relative humidity during the previous summer; however, 
the data indicate the subsequent effect of different winter storage conditions. 
Survival was enhanced by contact moisture during winter. Progressively lower 
relative humidities reduced survival at both temperatures. In general survival at 
26°F. was better than at 36°F. Data for A. flaveolatum are insufficient to permit 
conclusions. : 


Contact moisture during incubation at 64°F. in spring favoured survival of 
C. albicans. Percentage emergence from all cocoons used in the summer storage 
experiment and subsequently given moisture in spring was 35%; from those 
lacking moisture in spring, 10%. Corresponding data for the winter storage 
experiment were 9% and 1%. Data for A. flaveolatum are insufficient to permit 
conclusions. 


After suitable temperature and moisture conditions were determined, there 
remained another factor, mould growth, that could seriously affect parasite sur- 
vival in storage. Tests were therefore made to determine the effect of a water- 
soluble mould inhibitor, sodium propionate, on parasite survival. Six lots, each of 
1,000 host cocoons, were taken from 90,000 cocoons received from Germany in 
June, 1957. Each lot was stored in a sterilized vermiculite-peat moss mixture. 


TABLE III 
Percentage emergence of two parasite species stored in a peat moss-vermiculite medium moistened 
with sodium propionate solutions of different concentrations 








Sodium propionate, % C. albicans A. flaveolatum 
Distilled ip ater 90.6 | 97.5 
0.5 96.5 100.0 
1.0 96.2 100.0 
2.0 96.1 | 93.8 
5.0 78.0 75.0 
10.0 37.3 | 83.7 
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Fig. 1. Percentage emergence of C. albicans after storage at various temperatures and 
relative humidities, expressed as saturation deficiencies. A, summer storage; B, winter storage. 


Five lots were kept moist with 0.5, 1.0, 2.0, 5.0 and 10.0 per cent aqueous solutions 
respectively of sodium propionate, and the sixth with distilled water. The 
cocoons were at 56°F. from June to October, at 46°F. from October to 
December, and at 26°F. from January to May. The temperature was then 
gradually increased to 64°F. 

Table III shows that aqueous solutions of sodium propionate, of concentra- 
tions of up to two per cent had no detrimental effect on the survival of C. albicans 
and A. flaveolatum but that higher concentrations had injurious effects. A one 
per cent solution was usually effective in controlling mould development under 
the storage conditions used. 


Discussion , 

Optimum storage conditions may be better described in terms of saturation 
deficiency than in terms of temperature and humidity. This was done for the 
data on summer and winter storage (Fig. 1). The graphs show that conditions 
of low saturation deficiency are best and are achieved by a number of properly 
selected combinations of temperature and humidity. There was little emergence 
when the saturation deficiency of the atmosphere during summer storage exceeded 
five grams per cubic metre, and when it exceeded four grams per cubic metre 
during winter storage. 


Summary 

Survival in the laboratory of the puparia of Cyzenis albicans (Fall.), a par- 
asite of the winter moth, Operophtera brumata (L.), was highest when contact 
moisture was present continuously. Parasite mortality increased with increase 
in the saturation deficiency of the environment. Contact moisture was supplied 
as a one per cent aqueous solution of sodium propionate to control mould; 
solution of over two per cent concentration increased parasite mortality. The 
best storage temperature from July to October was about 56°F. This tem- 
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por was also suitable for a second parasite ——- Agrypon flaveolatum 
(Grav.), which, unlike C. albicans, did not survive during this time at lower tem- 
peratures. Other suitable storage temperatures were 46°F. from October to 
December, 26°F. from January to May, and 64°F. immediately before and during 
parasite emergence in May and June. Several other parasite species present in 
very small numbers did not survive even under these apparently optimum con- 
ditions. 
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The Effect of Temperature on Development and Diapause of the 
Horn Fly, Siphona irritans (L.) (Diptera: Muscidae)’ 


By K. R. DEPNER 


Research Station 
Canada Department of Agriculture, Lethbridge, Alberta 


Introduction 

Siphona irritans (L.), commonly known as the horn fly, is a serious pest of 
cattle. In southern Alberta, ten thousand flies have been counted on a single 
host animal. Properly conducted control studies require the establishment of a 
permanent laboratory colony. Previous attempts to establish such a colony had 
not been successful (McLintock and Depner, 1957) as more information about 
the biology of the fly was needed. The results presented in this paper will help 
provide this information. 


Materials and Methods 

Field investigations described herein were conducted near Lethbridge, 
Pincher Creek and Tod Creek in southern Alberta. These areas are at approxi- 
mately the same latitude and are 10, 65 and 95 miles west of the Lethbridge 
Research Station. They have a considerable difference in elevation and conse- 
quently in temperature. The site chosen near Lethbridge in the valley of the 
Oldman river has an elevation of 2,800 feet above sea level. The sites near 
Pincher Creek and Tod Creek have elevations of 3,700 and 4,800 feet, respectively. 


In 1954 rearing in the field was conducted in a two by two by four foot 
weather screen set on the wooden floor of a six-foot cubical metal-screened cage. 
A thermohygrograph in each weather screen recorded temperature and humidity. 
In 1955 the large screened cage was reduced in size to four by four by six feet 
(Fig. 1). 

Adult horn flies and fresh cow dung were collected at each of the three 
locations as soon as horn flies became abundant enough to provide adequate 
numbers of eggs. Wild flies were swept from the backs of cattle and transferred 
to clean Erlenmeyer flasks. Confinement in a stoppered flask stimulated the 
gravid females to lay their eggs on the glass of the flask. When a number of 
eggs had been laid the flies were transferred to fresh flasks and this was repeated 
until oviposition ceased. The eggs were then rinsed out of the flasks with water 
and extracted by suction filtration. 


1Contribution from the Veterinary-Medical Entomology Section. From a thesis submitted to the Faculty 
of Graduate Studies, University of Alberta, in partial fulfillment of the requirements for the M.Sc. degree, 1956. 
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Fic. 1. Field rearing station. 


The eggs and larvae were reared in the field and in constant temperature 
cabinets set at 65, 75 and 86°F. Both field and laboratory material was reared 
in enamelled metal pans containing 1% to 2 inches of fresh dung. A one-inch 
square of moistened filter paper was placed on the dung and 100 normal eggs 
were placed on the filter paper. The pans were then partly covered by glass 
plates to keep the humidity near saturation. 

Puparia were separated from the dung by a water flotation process. The 
dung was broken up by a Waring Blendor operated at very low speed through 
a voltage regulator. Puparia will not float for two to five days after puparium 
formation, depending on the rearing temperature, and time of separation was 
adjusted accordingly. After separation from the dung the puparia were put in 
lantern globe cages and returned to the rearing temperature. 

The flies were allowed to emerge and die in the lantern globes and when 
all were dead they were removed, sexed and counted. The unemerged puparia 
were examined for pupal mortality, diapause and parasites. Diapausing puparia 
were transferred to small shell vials which were stoppered with absorbent cotton 
and returned to the rearing temperature. 


Results and Discussion 
Development of the immature stages 


In two years of rearing in the laboratory the average incubation period of 
eggs was 50, 22 and 18 hours at 65, 75 and 86°F. , respectively. The eggs were 
very susceptible to cold and failed to hatch afcer air temperatures in the field 
fell to 32°F. Summer temperature variations above 32°F. in the three areas 
(Fig. 2) had no observable effect on the percentage hatch. The percentage hatch 
of eggs from Pincher Creek was consistently higher than that of eggs from either 
Lethbridge or Tod Creek at the same constant temperature. 
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Mean Summer Temperatures 1955 
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Fic. 2. Mean weekly temperatures 1955. 


In nature horn fly larvae develop only in the dung of cattle, the condition of 
which is important to their development. Under both laboratory and field con- 
ditions the larvae died or formed small, nearly transparent puparia whenever the 
droppings dried out before larval development was completed. These small 
puparia often produced active adults that were only half the normal size. The 
same effect was seen when temperatures approached the lower development 
threshold. 


At 65, 75 and 86°F. the average time to first puparium formation was 10.5, 
5.6 and 3.7 days, respectively. The time required for all of the larvae in a culture 
to form puparia ranged from an additional 5 days at 65°F. to 2 days at 86°F. 


The survival of feeding larvae in the field in the three localities varied 
directly with the overnight low temperatures (Table I). All feeding horn fly 
larvae were killed by temperatures below 32°F. but mature larvae were able to 
survive winter temperatures. Cattle droppings from late summer have been 
found to contain living mature larvae in winter. In Alberta horn flies over- 
winter either as mature larvae or as puparia, the latter being the most common 
(McLintock and Depner 1954). Subsequent work by the writer has shown 
that larvae overwinter only when environmental temperatures are not favorable 
for puparium formation. Overwintering larvae transformed into puparia when 
brought into the laboratory. Diapausing puparia varying in age from 13 to 
17 weeks after puparium formation were subjected to a series of low temperatures 
for a period of two weeks. Temperatures of 5°F. had no adverse effect but all 
puparia held at —4°F. were killed. 


Diapause: —Diapause appeared at 65°F. in puparia reared from eggs laid in 
the fourth week of July and thereafter. Diapause did not occur at 75°F. and 
86°F. in pupae from eggs laid before the first and third weeks of September 
(Table II). 
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TABLE | 
Relation of minimum low temperatures in the field to larval survival 
in the 10 week period from the last week in June 
to the first week of September 1955 


Weekly Overnight Minima °F. 








= | Mean 
Locality | % pupation 
L owest Highest Mean | 

Lethbridge 40.5 60 50 58.8 

Pincher Creek 36 49 41 46.2 
| | | 

Tod Creek | 30 46 37 | 14.1 
| 


F emperature obviously plays an important part in the occurrence of diapause 
but it is evident that some factor other than temperature is responsible for 
predisposing the insects to diapause. Rearing methods were not varied through- 
out the season. The diet of the larvae also had to be considered since the diet 
of cattle changes throughout the season with changing vegetation, and the 
composition of the feces must also change. An experiment was set up to test 
the effect of this change. Cattle feces were collected and quick- -frozen each 
month for a year. The following year horn flies were reared in dung from 
each month, and simultaneously in fresh dung throughout the horn fly season. 
There were no significant differences due to the dung in the occurrence of dia- 
pause. Therefore the diet of the larvae had no effect on the predisposition to 
enter diapause. 


Since the rate of development of the immature stages of horn flies is directly 
dependent on the rearing temperature, it is evident that a different number of 
generations would have dev eloped by a particular date in each locality. Diapause 
occurred simultaneously in puparia from the three localities at both 65 and 75°F., 
indicating that the number of generations had no bearing on the time of its 
occurrence. 


Some other factor in the environment common to the three localities is 
responsible. Photoperiod is a factor that is the same in the three localities. 
Furthermore, since the eggs were hatched and the immature stages reared through 
to emergence of the adult in darkness, there could be no effect of photoperiod 
in these stages. The conclusion is, therefore, that the effect of photoperiod 
acting on the adult of the previous generation or on the developing unlaid egg 


TABLE II 
Oviposition dates of eggs 
from which first puparia exhibiting diapause were reared 





| 








Laboratory Reared 











Field i ai oe sae = 
Locality Reared | 
65°F. 75°F. 86°F. 
Lethbridge | August 15 | July 25 September 6 _ 
Pincher Creek July 27 | July 27 September 7 September 19 
Tod Creek July 28 July 28 September 8 — 
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is probably responsible for the predisposition to enter diapause. This predisposi- 
tion becomes more intense as the season progresses, and tends to overcome the 
diapause-inhibiting effects of higher rearing temperatures. For example, diapause 
appeared first at 65°F., 43 days later at 75°F., and a further 12 days later 
at 86°F. 

At 65°F. pupae reached 100 per cent diapause five weeks after diapause first 
appeared. At 75 and 86°F. the percentage of diapause also increased, but not as 
rapidly as at 65°F. and in the field. 

Early season horn flies reared at 65°F. have a pupal period of 13.5 days. 
Earliest emergence of adults from puparia in diapause was 50 days after pupation. 
The majority of flies from diapause puparia emerged at 84 to 216 days after 
puparium formation. A few emerged in the 50 to 84 day period and a few 
emerged as late as 288 days after pupation. 


Summary 


Development of horn flies was studied in the field at three locations in 
southern Alberta at elevations of 2,800, 3,700 and 4,800 feet above sea level, and 
in the laboratory at Lethbridge at temperatures of 65, 75 and 86°F. 


Incubation periods of horn fly eggs were 50, 22 and 18 hours at temperatures 
of 65, 75 and 86°F., respectively. Larval periods to puparium formation were 
10.5, 5.6 and 3.7 days while time from puparium formation to emergence of 
adults was 13.5, 7.1 and 4.9 days at temperatures of 65, 75 and 86°F., respectiv ely. 


Photoperiod induced a predisposition to enter a state of diapause w hich 
appeared in puparia from eggs laid in the fourth week of July and thereafter. 
The actual occurrence of diapause depended on the rearing temperature, ap- 
pearing first at 65°F. and later at 75 and 86°F. 
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A Humidity Gradient Apparatus for Insects’ 
By C. A. Bartow? anp C. F. NicHo.ts* 


Most of the relative humidity gradients used in ethological studies of insects 
are of the alternative type in which a choice between only two relative humidities 
is possible (Perttunen, 1953, Wigglesworth, 1941). Sometimes, during in- 
vestigations of behaviour and distribution of insects, it may be desirable to know 
the humidity preferred when insects are exposed to an environment in which a 
number of different humidities prevail in a definite, specified range. In some 
cases both the range of humidities in a gradient and the values of the extreme 
humidities apparently affect the preference exhibited by certain arthropods 
(Perttunen, 1953; Bursell and Ewer, 1950; Lees, 1943). The circular apparatus 
described here allows the simultaneous production of two identical gradients, 
one in each half of the circle. 


A prototype of the present apparatus has been described by Barlow (1957). 
The model described here has several advantages over its prototype. It is con- 
structed entirely of plastic, facilitating water-tight seals between different 
compartments; the es and bottom halves can be bolted together, preventing 
leakage of air; removable spacers have been added so that the height of the run- 
way can be varied depending on the size of experimental animals. 


Description of Apparatus 


The apparatus (Fig. 1) consists of two perspex (Anthony Foster & Sons 
Ltd., Toronto, Ont.) boxes (A and E), with a screened runway (D) and two 
spacing washers (C) sandwiched between. Each box, 9% inches in diameter by 
1% inches high, has a cylindrical centre-block and is radially divided into eight 
sectors by strips of perspex. Saturated solutions of salts are placed in the 
compartments of the bottom box (E) to produce the required relative humidities. 
The dividers in the top box (A) reduce convection currents between adjacent 
sectors of the gradient. To avoid having extreme humidities adjacent, the highest 
and lowest humidities are established opposite one another in the two large 
sectors. “Two equal gradients of five relative humidities are thus established, one 
around each side of the centre-block. The large sectors are twice the size of the 
others, affording equal experimental area at all humidities. 


The runway for experimental animals (Fig. 1, D) is made of 80-mesh nylon 
screen (No. 253, B. & S. H. Thompson Co. Ltd., Montreal, Que.) cemented to a 
perspex frame one-eighth-inch thick, and held in place with a ring and a washer 
of one-thirty-second-inch perspex. When the top box or lid (A) is in place, its 
compartments correspond vertically with those in the bottom half of the 
apparatus. The lid is fitted with a rubber gasket (B) along its outer circum- 
ference and on the centre-block. A one-half-inch diameter bolt, extending 
upwards through the centre-blocks, and a wing nut are used to force the two 
halves of the apparatus tightly together. Thus the gasket is compressed and the 
gradient is sealed against outside air. When using the two spacing rings (C), each 
one-sixteenth inch thick, the lower edges of the compartment dividers in the lid 
(A) are about one-quarter inch from the screened runway. This space allows 
large insects to move freely from one humidity to another. Either one or both 
spacers (C) can be eliminated when working with small insects. Animals can be 
pn = ~ gama No. 7, Entomology Laboratory, Research Branch, Canada Department of Agriculture, Chatham, 
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Fig. 1. Humidity gradient apparatus in perspective. 
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Fig. 2. Production of relative humidity gradient vs. time. Relative humidities recorded 
in different sectors of apparatus at various times and in relation to relative humidities theo- 
retically produced by the particular solutions used. Values recorded in comparable sectors 
in each half of the apparatus were averaged, 


introduced through a hole cut in the lid, and the hole can be plugged with a 
rubber stopper. 

The roof and floor of the two boxes (Fig. 1, A and E) are disks of perspex 
one-quarter inch thick. Their sides are laminated rings and were made by first 
clamping and cementing together two layers of perspex, each one- sixteenth inch 
thick, around a lathe face- plate. Third and fourth laminations were added, one 
at atime. A spring-brass band was used as a clamping device. The laminated 
sides and the three-inch diameter centre-blocks were cemented to the roof and 
floor disks. A fifth lamination was added on the inside in segments, between 
which, the one-eighth-inch by one- inch compartment dividers were cemented. 
Cementing was accomplished with the use of a perspex solvent, ethylene chloride. 
Each half (A and E) of the apparatus was “faced” in a lathe. The spacers (C) 
and the runw ay frame (D) were cut from sheet perspex. 


Performance 

Tests were made to determine the performance of the apparatus in producing 
relative humidity gradients, and on the characteristics of the gradients produced. 
Relative humidities were produced using saturated salt solutions selected from the 
list given by Winston and Bates (1960). Measurement of humidities was made 
according to the method described by Solomon (1957), in which papers 
impregnated with cobalt thiocyanate are exposed for at least two hours to the 
humidity to be measured and then compared with permanent colour standards 
manufactured by British Drug Houses Ltd. Consistent readings with an accuracy 
of five per cent relative humidity or better, can be obtained when instructions 
supplied with the colour standards are followed closely. Measurements were 
made at 20°C. 


Production of Gradient: (A) vs. Time 
Fig. 2 illustrates the relative humidities recorded in a gradient of 65+ per 
cent to 95+ per cent relative humidity at various times from two to 24 hours. 
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TABLE | 
Relative humidities recorded at 20° C. in each sector of apparatus using 
only two liquids at the extremes. Letters A and B designate 
comparable sectors in both halves of the apparatus 


] — = 
| f | 





1 | 2A 2B 3A 3B 4A 4B s 
Sector potassium | | distilled 
| acetate | H,0 
Theoretical per cent | 
relative humidity 22.5 | | | 100 
Recorded per cent | | 
relative humidity 25 35 35 | 52 = i 3 72 | 92 
| | 











Humidities theoretically produced by the particular solutions used are also given. 
Readings were taken at the centre of each sector of the gradient, using 1, by 3 
cm. strips of cobalt thiocyanate paper. The same series of solutions was placed 
in each half of the apparatus to produce two similar gradients of five relative 
humidities each. Values for comparable sectors in each half of the gradient were 
averaged. These values seldom varied more than one per cent relative humidity. 


Only two hours were required for the gradient to become fairly stable except 
at values above 90 per cent relative humidity, where 10 to 15 hours were required 
for a stable value to be reached. Tests with gradients between extremes of 20 
per cent and 90 per cent relative humidity indicated that steepness of the gradient 
makes little difference in the time required for its stabilization, although relative 
humidities produced at the extremes of the gradient are influenced some by the 
steepness of the gradient. This is particularly true when the desired upper 
extreme is 100 per cent relative humidity, which is generally difficult to attain. 
At least 15 hours should be allowed for stabilization of the gradient when values 
above 95 per cent relative humidity are required. With gradients as steep as 20 
per cent to 90 per cent relative humidity or more, the lower extremes may actually 
exceed by one or two per cent relative humidity the value theoretically ‘produced 
by the particular solution used. 


(B) Using Only Two Solutions 

A gradient of humidities can also be produced using only two solutions at 
the extremes of the gradient. In this case, two solutions must be chosen which 
will produce the required range of relative humidities, since the intermediate 
humidities will depend on the two extremes and it is impossible to modify the 
gradient along its course without changing one or both of these solutions. Table 
I lists the relative humidities recorded in each sector of the apparatus when a 
saturated solution of potassium acetate was used to produce the lower extreme, 
and distilled water at the upper extreme. 


Shape of Gradient 

Ideally, the gradient should be uniform across any one sector of the apparatus 
with a sharp change at the border between adjacent sectors. Fig. 3 illustrates 
the relative humidities measured at distances of two centimetres over the whole 
range of a gradient between 60 per cent and 92 per cent relative humidity, 
produced using four saturated solutions and distilled water. Complete uniformity 
of relative humidity in each sector was not attained. A gradient of one per cent 
to three per cent relative humidity was recorded across each sector. This 
percentage may be higher with steeper gradients. A variation of two per cent to 
seven per cent relative humidity was recorded across different sectors with a 
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Fig. 3. Shape of gradient. Relative humidities recorded every two centimetres along 
a gradient in relation to relative humidities theoretically produced by the particular solutions 
used. 


gradient increasing in steps of 20 per cent relative humidity between extremes of 
20 per cent and 90+ per cent relative humidity. 

Variations in room temperature during experiments should be avoided since 
the humidities produced by most solutions are dependent upon temperature. 


Summary 


A circular plastic apparatus for the production of relative humidity gradients 
is described. Gradients can be produced using two or more salt solutions. A 
stable gradient can be attained after two hours with relative humidities up to 
about 95 per cent. With relative humidities above 95 per cent, 15 hours should 
be allowed for stabilization of the gradient. Relatively small secondary gradients 
of from one per cent to seven per cent relative humidity, depending on the 
steepness of the primary gradient, occur across different sectors of the apparatus. 
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A Low Speed Wind Tunnel for Determining the Effects of Wind 
on Flight Activity of Insects 


By C. F. NicHoits 


Entomology Research Institute for Biological Controi, Research Branch 
Canada Department of Agriculture, Belleville, Ontario 


A low speed wind tunnel was needed for work by Dr. J. Juillet at the Belleville 
Institute to determine the number and direction of insect flights in a given time at 
different wind speeds and hence to determine the influence of wind on flight 
activity. This paper describes a tunnel designed to produce wind speeds of up 
to 9 miles per hour with uniformity within + 5 per cent. 








a 


Fig. 1. Illustration of wind tunnel and its components. 


The wind tunnel (Fig. 1) consists of four units (A, B, C and D) bolted 
together through plywood rings as at E and G, and is mounted on a plywood 
base. It is 80 inches in length and has a working section (units B and C) 52 inches 
long. Unit A is a spun copper bellmouth and forms the intake for the wind 
tunnel. The diameters of its large and small ends are 22 and 9 inches respectively 
and the radius of curvature of its flare is 9 inches. The sudden contraction of 
air, created by the design of the bellmouth, produces a uniform wind velocity 
over a cross-section of the tunnel. A %-inch plywood ring (E) was fitted over 
its small end and fastened from the inside with wood screws. 

Units B and C are each 26 inches long, circular in cross-section and increase 
in diameter from 9 inches at the intake end (G) to 10% inches at the exhaust end 
(J). This increase in diameter compensates for the gradual build up of a layer 
of retarded air along the walls of the tunnel. Thus is assured a more uniform 
air flow along the centreline. 
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The walls of unit B are 20-gauge galvanized iron and 1/32-inch transparent 
plastic. The latter encompasses about % of the circumference of the tunnel and 
provides an observation window. Strips of wood (F) were used to join the 
sheets of iron and plastic. Plywood rings (G and H), %-inch thick, were fitted 
over the ends of the unit and fastened from the inside with wood screws. 

Unit C is similar to unit B but for a trap door (I) bordered by part of a ply- 
wood ring. The trap door, about 6 inches square, is made of two pieces of metal 
riveted together. Thus it retained its shape and allowed a flush surface to be 
maintained on the inside of the tunnel. 

Unit D is a cylinder of galvanized iron 10% inches in diameter and 16 inches 
long. It has a ply wood ring over one end and wire reinforcement at the other. 
A 10-inch, 110-volt, 0.75-ampere household fan (K) was mounted in the middle 
of the unit. The direction of its airflow was reversed in order to place the motor 
on the downwind side of the fan blades. Turbulent air around the motor is 
thereby moved away from the working section. A trap door (L) was fitted 
into unit D near the working section of the tunnel. 

A disc of 16-mesh wire screen was placed between units A and B and another 
sade Cand D. A hole, 1% inches in diameter, was cut in the centre of each 
and a metal band 4% inch wide soldered around the edge of the opening. These 
bands form receptacles for cylindrical insect release baskets. Square pieces of 
screen hung over the holes serve as gates. The gates open into the working 
section and are operated with pieces of thread. The baskets, 1% inches in 
diameter and 3 inches long, are of 16-mesh wire screen and are open at one end. 

Different air speeds are obtained by changing the r.p.m. of the fan with the 
use of a variable resistor (Powerstat Transformer, type 10B [Superior Electric 
Company, Bristol, Connecticut, U.S.A.]) installed in the electrical circuit. Uni- 
formity of velocity is well within the + 5 per cent requirement at any position 
in the working section of the tunnel. 

Percentages of 110 volts (average of ten recordings) that produce air speeds 
of 1 to 9 miles per hour are as follows:— 








Wind speed, m.p.h. 





CONIAMNE WHE 
~~ 
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Summary 
A description and the method of construction of a low speed wind tunnel 
are given. Air speeds, within + 5 per cent uniformity, of 1 to 9 miles per hour 
can be obtained by altering the r.p.m. of the fan. 
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Variation Between Samples of Immature Stages, and of Mortalities 
from Some Factors, of the European Corn Borer, Ostrinia nubilalis 
(Hiibner) (Lepidoptera: Pyralidae), on Sweet Corn in Quebec 


By M. Hupon anp E. J. LeERoux 


Research Laboratory, Research Branch, Canada Department of Agriculture 
St. Jean, Que. 


This is a report on a program to sample the European corn borer, Ostrinia 
nubilalis (Hbn.), with the object of obtaining reliable statistics for life tables (see 
e.g. Morris, 1955; LeRoux and Reimer, 1959). 


Basic studies on factors determining abundance of the European corn borer 
are few, some of the most notable having been carried out by Barber (1926), 
Huber et al. (1928), Thompson and Parker (1928), Stirrett (1938), Vance 
(1943), Baker et al. (1949), Bigger and Petty (1953), Everett et al. (1958) and 
Chiang and Hodson (1959). None of these studies was a thorough study of 
mortality factors in development of the European corn borer from endemic to 
epidemic levels. A number of specific factors known to be important in the 
epidemiology of this species have been investigated by Arbuthnot (1949), 
Neiswander (1952), Goleman (1954), Chiang and Holdaway (1955), and Chiang 
(1959), and the application of biometric techniques to the sampling of corn 
borer populations has been studied by Beard (1943), McGuire (1954), and 
Bankcroft and Brindley (1956). None of the latter authors have, however, 
investigated sampling techniques relating to the development of life tables for 
this species. 

Status of the Pest 

The Européan corn borer, the most important insect pest of sweet corn in 
Quebec, was first reported from the Province by Keenan (1927). Like many 
economic insects in North America, this species is of European origin (Caffrey 
and Worthley, 1927). It is not continuously present in destructive numbers in 
corn-growing regions of the Province, but occurs in periodic outbreaks. The 
rise and fall of an infestation usually covers a period of approximately five years. 
The infestations may be local or widespread. In Quebec, this species has one 
generation per year, the winter being passed as fifth-instar larvae in corn stalk 
débris. In late April the borers resume their feeding, which they continue 
throughout May, and in early June they make shelters in the stalks in which they 
pupate. The adults emerge from late June to late July and lay eggs during most 
of July. The larvae of the next generation develop to the fifth instar in the 
stalks before hibernating. 


Larvae in instars one and two bore into the growing whorl of the plants 
seeking the tender parts on which to feed. They also eat into the mid-ribs and 
base of the developing leaves. As the plants unfold, the feeding damages on the 
leaves present a shot hole appearance. These instars also attack the tassels and 
tassel stalks as these appear. Instars three to five tunnel into the stalks and feed 
on the interior of the plants. They also feed on the ears, at the silk ends, bases 
and husks. For all stages, except the overwintering period of the fifth instar, 
the degree of plant injury varies with larval density. 


Experimental Plot 
The experimental plot (Fig. 1) was located on grounds of the Research 
Laboratory, St. Jean, Que. It consisted of 3,200 hills (4 plants per hill) of sweet 
corn of the early-maturing hybrid Marcross C 13.6, and covered an area of 
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Fig. 1. Diagrammatic view of the experimental corn field and immediate surroundings, 
Research Laboratory grounds, St. Jean, Que. 
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approximately one acre. It was bordered on the south and west by open 
uncultivated fields and on the north and east by fields of vegetable crops. The 
hills were approximately 40 inches apart and were evenly distributed throughout 
the plot. The soil which was of the Champlain clay type (Stobbe and 
McKibbin, 1937) and uniform throughout, was typical of the corn- -growing soils 
of southwestern Quebec. Cultivation and weeding were practised until the late 
tassel stage of corn plant development but thereafter, cover plants were allowed 
to develop; 72 species of cover plants, mostly weeds, have been recorded to date 
in the experimental plots. To assure continuity of the corn borer population 
under study, two adjacent 1-acre plots A and B (Fig. 1), were each planted dur- 
ing the second half of May of alternate years. Corn plants were not plow ed 
under in September as is the accepted practice in this province, but only the 
following August when emergence of moths from old plants and egg laying on 
new plants were completed. 

A crop rotation sequence was not used in the plot nor insecticide applications 
made since both practices would have interfered unduly with the natural develop- 
ment of corn borer populations. 


Sampling Procedures 


Sample unit.—The sample unit most suitable in the study of populations of O. 
nubilalis and mortality factors in sweet corn is the corn plant (Fig. 2). This 
sample unit is stable and on it are found all immature stages of the corn borer. 
Unit stability was achieved through the elimination of all interfering measures, 
mechanical or otherwise, that normally result in stalk breakage and injury, (see 
section on ‘experimental plot’). The mean number of corn plants and mature 
ears per plot was 12,800 + 1200 and this number did not vary significantly from 
year to year. Sampling for all age intervals resulted in the removal of 4,000 
plants from the plot, with immature stages contained therein. After counts 
were made, live forms were returned to the experimental field. Loss of im- 
mature stages resulting from sample counts were so small as to be obscured by the 
sampling error. The number of larvae that migrated from the stalks to the ears 
and fed at the base, mid, tip and shank of mature ears (Fig. 2) and on immature 
ears were estimated in August of cach year and differences analysed for 
significance. 

To determine the distribution of the immature stages and of mortalities due 
to parasites, predators, diseases, frost and migration, the plot was divided into 
four equal blocks a, b, c, d (Fig. 1), each with 3,200 plants per block. Five 
samples of 25 plants, each selected at random, were sampled per block. For each 
sample, plants were divided into two equal vertical levels or half plants designated 
A and B, the former, the upper half of the plant, the latter, the lower half. 
Sucker shoots were considered as part of lower halves of the plants. This 
resulted in the total examination of the plants in each sample. 


Timing of sampling.—In Quebec, immature stages of O. nubilalis develop exclus- 
ively on corn plants and estimates of densities of each stage and related mortality 
factors were therefore obtained by direct population sampling of the plants, i.e., 
the insects themselves, whether parasitized, killed by predators, diseased or frozen, 
or insect signs were found and counted. For O. nubilalis, five age intervals were 
sampled, namely eggs, summer larvae (larvae hatching in July and present on 
foliage and in the stalks until late September; instars one to five), winter larvae 
(larvae hibernating in stalks from late September to mid-May; instar five); spring 
larvae (overwintered larvae in stalks from mid-May to early July; instar five); 
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and pupae (in the stalks). For each age interval, sampling was carried out when 
the number in the stage was relatively stable. The European corn borer is stable 
throughout its period of development, save for short periods at emergence and 
hibernation. 


Eggs.—Eggs were sampled in July. Because of the small size of the egg masses, 
counts were made in the field by visual examination of the foliage using a hand 
lens (X14). Eggs were classed as normal, parasitized, killed by predators, 
desiccated, infertile and dislodged. Normal egg masses for O. nubilalis are 
creamy white with the developing embryos showing through; parasitized eggs 
dark- -purple i in colour; eggs killed by predators emptied of their contents; eggs 
killed through desiccation or infertility, creamy white, dry, with dead desic- 
cated embryos showing through; dislodged eggs were tagged masses that pealed 
off the leaves through the action of weather. 


Summer larvae.—Summer larvae were sampled from mid July to mid September. 
Because larvae are within the stalks during this period, counts were made from 
plant samples dissected in the laboratory. Much care was taken in dissection not 
to maim or cut larvae since specimens collected were returned to the plot 
population. Less than 0.1 per cent of the larvae were injured. Summer larvae 
are sufficiently large to be recognized without the aid of a binocular microscope, 
and webbing, frass and stalk damage provide excellent visual clues to their 
presence. Larvae were not lost during collection, nor during dissection in the 
insectary, since they are all located within the plants. During the period of 
study, reduction of summer larvae through the action of mortality factors was 
slight and was recorded in 2nd, 3rd and 4th samplings, 1958-59, and 3rd and 4th 
samplings, 1959-60 generations (Table IV). Dead larvae were black and flaccid 
and were classed as mortality resulting from miscellaneous causes. For all other 
summer larval counts, mean larvae per 25 half-plant sample, at emergence, did 
not differ significantly from those at hibernation. 


Winter larvae.—Winter larvae were sampled from late September to early May. 
Because larvae are concealed in the stalks during hibernation, counts were made 
from samples dissected in the laboratory. Visual clues to the presence of O. 
nubilalis winter larvae were the same as for those of summer larvae. In October 
larvae counted were normal except for a very few killed through miscellaneous 
causes (Table IV, winter larvae, Ist and 2nd samplings, 1958-59 and 1959-60 
generations) which had the same external appearance as dead summer larvae. In 
early May, larvae counted were normal, killed by frost and by miscellaneous 
causes. Larvae killed by frost are dark-brown or black, shrivelled and either 
hard or nearly so; those classed as killed by miscellaneous causes were light to 
dark brown and flaccid. All live larvae classed as normal, reacted violently to 
slight probing. Considering that winter larvae migrate within the stalks to the 
base of the plants in the fall, and are generally well protected by the snow cover 
throughout the winter months, mortality from bird predation was not observed 
during this period. Bird predation of winter larvae by the house sparrow, Passer 
domesticus (L.), had been expected because of the persistent presence of flocks 
of these birds in the experimental plot during the major part of the winter. 


Spring larvae.—Spring larvae were sampled from early May to late May. Counts 
were made in the laboratory by visual examination of the dissected plant samples. 
Visual clues to the presence of O. nubilalis were the same as those for summer 
and winter larvae, except that shelters and frass were darker through drying and 
weather action, 
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TABLE I 
Analysis of variance of egg counts of O. nubilalis, hybrid Marcross C 13.6, 1957-58 generation 
(Table I, total eggs, Ist sampling) 























Expected | Observed mean 
Source of variation | mean square! | d.f. square F 
1— Between samples 
Blocks o*, + 100%, | 3 616.2 1.28 
Samples, within blocks o%+20% | 16 480.1 0.84 
2— Within samples 
Levels o%,+ 200%, | 1 6125.6 10.7? 
Residual a, 19 571.3 
| 








'o*,, o%, 0%, are population parameters; s*%, s%, s*1, in the text are estimates of these 
parameters. 
? Significant at the one per cent level. 


Larvae were not lost in collection of samples or in examination of plants in 
the insectary. Those present in the samples were normal, killed by frost, killed 
by predators, parasitized and killed by diseases. Spring larval counts in May 
always included larvae killed by frost during the previous winter, since these 
remain in the overwintering stalks and are to be found in all counts from early 
May to mid August. Larvae killed by frost were as described for winter larvae; 
those killed by predators had been emptied of their contents and were brownish 
in colour; those killed by parasites were exclusively attacked by Eumea caesar 
(Ald.) and had parasite pupae attached to the larval body (Hudon, 1960). 
Although the red-wing Agelaius phoeniceus phoeniceus (L.) Vieill. and the 
bronzed grackle Quiscalus quiscula aeneus (Ridgw.) Stejn. were observed in large 
numbers in the experimental plot throughout May and June, they did not feed 
on spring larvae, but fed on the dry kernels of ears still on the stalks. 


Pupae.—Pupae were sampled from early August to early September. Counts 
were made in the laboratory by visual examination of the dissected plant samples. 
Since O. nubilalis pupates in larval shelters within the stalks, visual clues for pupae 
were the same as for those of spring larvae. Pupae present in the samples were 
normal, parasitized and killed by predators. Normal pupae reacted violently to 
probing; those parasitized showed a large round exit hole at the anterior end of 
the pupal body made by Labrorychus sp. (Hudon, 1960), the only parasite 
observed in pupae; those killed by predators had been emptied of their body 
contents, were hard, deformed and the pupal skin had many small perforations. 
Also recorded in the samples were spring larvae killed by frost the previous 
winter. Observations made on bird predation for pupae were the same as for 
those of spring larvae. Empty pupal cases showing successful emergence of 
adults were also recorded in the September counts (Table III, pupae, 1957-58 
and 1958-59 generations). 


Methods of Statistical Analysis 


An analysis of variance was made of all counts without transformation for 
the reasons expressed by LeRoux and Reimer (1959). In the present study, the 
inter-sample range of densities was less than thirtyfold, except for eggs which 
ranged from zero to 102, 1957-58 generation (1st and 2nd samplings, live, total), 
zero to 78, 1958-59 generation (Ist to Sth samplings, live, total), and zero to 
105, 1959-60 generation (1st and 2nd samplings, live, total, frost). 

The main analysis of variance is illustrated in Table I with one of the sets 
of data. The analysis of variance of data from level B only, is similarly illustrated 
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TABLE II 


Analysis of variance! of summer larval counts of O. nubilalis, for position within stalks of hybrid 
Marcross C 13.6, level B, 1957-58 potaretion (Table II, summer larvae, Ist compiling) 


_ ———4. - - — -_ — — —— 











Expected Observed mean 
Source of variation mean square? | d.f. square F 
Between | 
Positions o*, + 200%, 3 279.1 37.78 
Samples o*, + 40% 19 Fs A | k OF 
Residual o’, 57 7.4 


! Similar analysis of variance made of counts of summer larvae for positions within mature ears, 
level B (Table IIT). 

*o%,, o%, @%, are population parameters, s%, s%, s%, in the text are estimates of these 
parameters. 

§ Significant at the one percent level. 


in Table II. The procedure for obtaining the expected mean squares may be 
found in a number of statistical books (e.g. Bennett and Franklin, 1954, Secs. 
7.53, 7.62, 7.63). The object of the main analysis of variance was to estimate 
the variance, y,*, so as to determine the number of samples required for a specified 
degree of precision. Here, ‘samples’ correspond to ‘trees’ of the bud moth study 
reported by LeRoux and Reimer (1959), but, no value corresponding directly 
to their sample is available. In the bud moth study, random samples within trees 
were taken, but in the present study, the entire plant was examined. Our only 
source of random variation within blocks therefore, is between samples, whereas 
in the bud moth study, there were inter-tree and intra-tree variations. Mean 
square values for the main analysis are tabulated in Table I to indicate how each 
component of variance can be tested for significance and how an estimate of it 
can be calculated. All mean squares have only one component of variance which 
is the residual error variance, (y*) and is the appropriate denominator in all F 
ratios established, ic., Table I, the F ratio for levels within samples is 
F = 6125.6/571.3 = 10.7, which has 1 and 19 d.f. and is significant at the one 
per cent level. The object of the analysis of variance of data from level B only 
(Table II), was to determine the significance of larval densities on different parts 
of the plant and whether these densities were of economic importance. 


Sources of Variation 


In the main analysis from which the expected mean squares (Table I) are 
deduced, differences between blocks are regarded as systematic errors, and dif- 
ferences between samples as random errors (LeRoux and Reimer, 1959). The 
effect of random errors on the estimate of mean density was controlled by the 
amount of sampling, i.e., by the number of plant samples examined. The effect 
of systematic errors was eliminated by taking the samples in the blocks in such a 
way that all gradients of density, i.e., the different areas of the blocks, were 
represented in the samples. As ‘explained previously, each block had an equal 
number of plants of equal size and equal amount of foliage. 


All density differences reported in the following sections were statistically 
significant unless otherwise stated. 


Samples.—There were differences between samples in the number of eggs dis- 
lodged in the 1957-58 generation, and in the number alive in the 1958-59 
generation (Table III). Similar differences were observed in the number of 
summer larvae, 1957-58 generation, Ist and 2nd samplings; 1958-59 generation, 
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TABLE III 
Significance of variation due to blocks, samples and levels, for immature stages of O.nubilalis 
in three generations, five samples of 25 half-plants of the hybrid Marcross C 13.6 being taken 
from levels A and B from each of four blocks. . 
— — esau aan a . » i 
Levels z 
Generation and stage Blocks Samples | (Ratio A/B) 
1957-58 Generation 
Eggs | - 
Ist sampling, early July '57 I 
Parasitized — -- — 
Killed by predators — — — 
Dislodged — xx! — 
Infertility — desiccation — —- -= 
Live | — — 0.3xx 
Total — — 0.4xx 
2nd sampling, mid July 
Parasitized - = -- 
Killed by predators — — -~ 
Infertility — desiccation — -- s 
Live -—- ~- - 
Total — — | 0.4x? 
Summer larvae 
ist sampling, early August — xX 0.5xx 
2nd sampling, mid August — XX 0.4xx 
Winter larvae, early October — — 0.2xx 
Spring larvae 
ist sampling, mid May 
Killed by frost® — —_— — 
Parasitized — —_ _ 
Live XX XX 0.1xx 
Total _— — 0.2xx 
2nd sampling, late May 
Killed by frost® — — — \ 
Live XX XX 0.1xx 
Total -- = 0.1xx 
Pupae 
ist sampling, early July 
Larvae killed by frost* — — 0 .06xx 
Parasitized — — _ 
Live pupae — — 0.004xx 
Empty pupal cases — — 0 .08xx 
Total — — 0.003xx 
2nd sampling, early September | | 
Larvae killed by frost* — — 0.02xx 
Parasitized _ | = 0.05xx 
Killed by predators — - 0 .06xx 
Empty pupal cases — ) — 0 .005xx 
Total — — | 0.004xx 
1958-59 Generation 
Eggs 
Ist sampling, late July '58 } 
Parasitized — — — 
Killed by predators — — — 
Dislodged } — — — I 
Live x — — 
Total - = — 
2nd sampling, late July 
Dislodged - — | — 
Live x | —_— 0.2x 
Total -- — 0. 2x 
3rd sampling, late July | 
Dislodged - — — 
Infertility — desiccation - — —_ 
Live — x | — 
Total -_- -- — 
4th sampling, early August 
Parasitized — — — 
Killed by predators — — — 
Dislodged _ -- | -~ 
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TABLE III (cont’d) 


Significance of variation due to blocks, samples and levels, for immature stages of O. nubilalis 
in three generations, five samples of 25 half-plants of the hybrid Marcross C 13.6 being taken 
from levels A and B from each of four blocks. 





























Levels 
Generation and stage Blocks Samples (Ratio A/B) 
Eggs, 4th sampling (cont'd) 
Infertility — desiccation — — — 
Live x — — 
Total — —_ — 
5th sampling, early August 
Parasitized — — — 
Killed by predators — — — 
Dislodged — — — 
Live — — 0.3x 
Total _ — 0.2x 
Summer larvae 
Ist sampling, late July x —_ — 
2nd sampling, early September 
Dead larvae, miscellaneous causes | —_— _ —_ 
Live -— x 0.4xx 
Total — — 0.4xx 
3rd sampling, early September 
Dead larvae, miscellaneous causes — | — — 
Live —- xx 0.4xx 
Total -— XX 0.4xx 
4th sampling, mid September 
Dead larvae, miscellaneous causes — — — 
Live -- — 0.5xx 
Total ~- — 0. 5xx 
Winter larvae 
ist sampling, late October | 
Dead larvae, miscellaneous causes | — | —_ - 
Live — — 0. 2xx 
Total — — 0. 2xx 
2nd sampling, late October | 
Dead larvae, miscellaneous causes | — — — 
Live — XX 0.3xx 
Total — x 0. 3xx 
Spring larvae 
ist sampling, early May 
Killed by frost* x —_ 0. 2xx 
Killed by predators me ~~ ms 
Live -— — 0. 1xx 
Total a | = 0.1xx 
2nd sampling, late May 
Killed by frost‘ XX — 0. 2xx 
Parasitized — oo — 
Killed by predators XX _ — 
Live -— — 0.2xx 
Total x — 0. 2xx 
Pupae | 
Larvae killed by frost‘ — ~— 0.3x 
Parasitized — —_ } — 
Killed by predators — a a 
Empty pupal cases XX — 0. 1xx 
Total —- _— 0. 1x 
1959-60 Generation 
Eggs 
ist sampling, early July '59 
Killed by predators — —_ —_ 
Dislodged x — 0.01x 
Infertility — desiccation — — — 
Live -— — 0.4x 
Total x — 0.3x 
| 
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TABLE III (cont'd) 
Significance of variation due to blocks, samples and levels, for immature stages of O. nubilalis 
in three generations, five samples of 25 half-plants of the hybrid Marcross C 13.6 being taken 
from levels A and B from each of four blocks. 


Levels 
Generation and stage Blocks Samples (Ratio A/B) 
2nd sampling, late July '59 
Parasitized - _ 
Killed by predators XX — — 
Dislodged - — —_ 
Infertility desiccation — — 
Live XX — 0.3xx 
Total - — 0. 3xx 
Summer larvae 
Ist sampling, early July - — 0.4x 
2nd sampling, late July XX — 0. 3xx 
3rd sampling, early August 
Dead larvae, miscellaneous causes - - — 
Live -— - 0.8x 
Total _— —_ 
4th sampling, late August 
Dead larvae, miscellaneous causes x — ate 
Live - XX _ 
Total - x — 
Winter larvae 
Ist sampling, late October 
Dead larvae, miscellaneous causes - 
Live x - 0.3xx 
Total x — 0.3xx 
2nd sampling, late October 
Dead larvae, miscellaneous causes oe 
Live - 0. 2xx 


‘Significance at the 1 per cent level; dashes indicate non-significance. 
*Significance at the 5 per cent level. 

‘Larvae killed by frost, winter of 1957-58. 

‘Larvae killed by frost, winter of 1958-59. 


2nd and 3rd samplings, live and total; and 1959-60 generation, 4th sampling, live 
and total. The number of live spring larvae also differed between samples in the 
1957-58 generation, Ist and 2nd samplings, as did total and live winter larvae. 
1958-59 generation. There were no differences in the number of pupae or pupal 
cases between samples for 1957-58, and 1958-59 generations. 


Blocks.—There were differences between blocks in the number of live eggs for 
the Ist, 2nd and 4th samplings, 1958-59 generation, and in the number dislodged, 
total, killed by predators and live, 1959- -60 generation. The number of summer 
larvae differed between blocks in the Ist s sampling, total, 1958-59 generation, and 
the 2nd and 4th samplings, total and dead larvae respectively, 1959-60 generation. 
Differences in the number of live spring larvae between blocks were also 
recorded for Ist and 2nd samplings, 1957-58 generation, for numbers killed by 
frost, Ist and 2nd samplings, and for numbers killed by predators and total, 2nd 
sampling, 1958-59 generation. There were differences in the total and in the 
number of live winter larvae, 1959-60 generation, and in the number of empty 
pupal cases for pupae, Ist sampling, 1958-59 generation. There were no dif- 
ferences in the number of pupae and empty pupal cases between blocks for the 
1957-58 generation, pupae 1958-59 generation, but significant block differences 
between empty pupal cases, 1958- 59 generation. 


Levels.—Density totals for all age intervals of the 1957-58, 1958-59 and 1959-60 
generations were consistently higher for the lower halves of the plants than for 
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the upper halves, except summer larvae, 4th sampling, 1959-60 generation (Table 
Ill). For these no differences were found. The ratios of the density in the 
upper to that in the lower halves of the plants ranged from 0.003 to 0.5, 1.€., 
density totals in the lower halves of the plants were double or greater than those 
in the upper halves. Although the number of parasitized eggs in the upper to 
that in the lower halves of the plants were 3.8 and 0.6 per cent, respectively, for 
the 1957-58 generation (Table IV), 2.4 and 1.8, 4.0 and 0.6, and 0.0 and 2.2 for 
Ist, 4th and 5th samplings, 1958-59 generation, these differences were not statistic- 
ally significant. Nor was percentage egg predation statistically significant, i.e., 
3.1 in the upper and 1.5 in the lower halves for Ist sampling, 1957-58 generation 
(Table IV), and 4.6 and 0.0, 4th sampling for the 1958-59 generation. The 
number of eggs dislodged, Ist to 5th samplings, 1958-59 generation and Ist and 
2nd samplings, 1959-60 generation, were all in the lower halves of the plants 
with the exception of those recorded in the 3rd sampling, 1958-59 generation, 
and in the 2nd sampling, 1959-60 generation. For these samplings the number of 
eggs dislodged in the upper halves to that in the lower halves of the plants was 
1.8 to 7.3 and 1.3 to 3.7, respectively. The number of winter larvae killed by 
frost, and recorded in the spring larval counts, was twice as great in the upper 
halves as in the lower halves for the 1957-58 generation, and six times as great 
for Ist and 2nd samplings, 1958-59 generation. This was also true of winter 
larvae killed by frost and recorded in pupal counts, Ist and 2nd samplings, 
1957-58 getiei:aion, and Ist sampling, 1958-59 generation. 


For the three generations studied 99 per cent of the eggs counted were on 
the lower sides of the leaves. A combine analysis of all counts of summer 
larvae showed no change i in mean larval density from the time the larvae became 
established in the stalks in late July to hibernation in mid September. The mean 
number of larvae per 25 half- plants for Ist and 2nd samplings, 1957-58 generation, 
was 15.2 and 18.1; for the first four samplings, 1958-59 generation, 12.6, 12.2 
10.9 and 11.3; and the first four samplings, 1959-60 generation, 25.4, 22.8, 23.2 
and 23.3 (Table IV). Egg retention (Table IV), as reflected in mean number 
of eggs per 25 half-plants for successive samplings, was low for the 1957-58 and 
1959-60 generations, i.e., 27.7 to 13.6 and 34.6 to 25.1, respectively. For life 


table purposes, the samplings of eggs should be carried out within a week from 


peak egg deposition. A combine analysis of egg counts made in late July and 
early August for the 1958-59 generation indicated a high degree of retention of 
eggs deposited that year (13.7 and 10.2, Table IV). Intermediate counts, i.e., 
2nd, 3rd and 4th samplings showed significant differences from these two 
samplings. 

The main analysis of variance indicated that density differences between 
samples in particular must be taken into account in sampling immature stages of 
O. nubilalis. Also, for life table studies the higher numerical values obtained for 
samples of 25 half-plants provide a more accurate determination of these densities. 
For gross sampling purposes, numerical values based on samples of individual 
plants or half-plants instead of samples of 25 half-plants is probably adequate. 
Although appreciable differences between samples and blocks were found in only 
a few samplings ( (Table III), it is strongly recommended that all sampling studies 
dealing with O. nubilalis include a breakdown of fields, plots, etc., into blocks. 
This recommendation is based largely on the fact that significant block differences 
were observed in commercial 10 and 20 acre plots. The analysis of egg mass 
counts indicated that only the undersides of leaves need be examined in the life 
table studies. 
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TABLE IV 


Estimates of mean densities and of variations between samples of immature stages of O. nubilalis 
in three generations, five samples of 25 half-plants of the hybrid Marcross C 13.6 being taken 
from levels A and B from each of four blocks. 


Mean number! | Variance Component 
Generation and stage per sample, x Between samples, s,? 
1957-58 Generation 
Eggs 
ist sampling, early July '57 

















Parasitized 1.23 + 0.59 (4.4%) 13.9 
Killed by predators 1.28 + 0.53 (4.6%) 11.2 
Dislodged } 1.44 + 1.18 (5.2%) | 55.9 
Infertility — desiccation 0.25 + 0.15 0.91 
Live 23.52 + 2.95 348.5 
Total 27.72 + 3.47 | 480.1 
2nd sampling, mid July 
Parasitized 2.25 + 0.85 (16.5%) 29.2 
Killed by predators 0.45 + 0.29 (3.3%) 1.16 
Infertility — desiccation 0.10 + 0.04 (0.07%) 0.06 
Live 10.80 + 1.83 137.1 
Total 13.60 + 1.78 126.8 
Summer larvae 
ist sampling, early August 15.2 + 1.66 110.4 
2nd sampling, mid August 18.1 + 1.28 66.2 
Winter larvae, early October 6.45 + 0.80 25.8 
Spring larvae 
ist sampling, mid May 
Killed by frost? 0.52 + 0.15 (7.4%) 0.82 
Parasitized 0.05 + 0.03 (0.7%) 0.05 
Live 6.50 + 0.60 14.5 
Total 7.07 + 0.69 3.5 
2nd sampling, late May 
Killed by frost? 0.50 + 0.11 (7.6%) | 0.50 
Live 6.05 + 0.68 18.5 
Total 6.55 + 0.69 } 19.1 
Pupae 
ist sampling, early July 
Larvae killed by frost? 0.52 + 0.10 (6.9%) 0.40 
Parasitized 0.05 + 0.05 (0.7%) 0.10 
Live pupae 6.35 + 0.54 1.2 
Empty pupal cases 0.38 + 0.08 | 0.25 
Total 7.30 + 0.61 | 15.1 
2nd sampling, early September 
Larvae killed by frost? 1.10 + 0.13 (15.0%) 0.67 
Parasitized 0.45 + 0,07 (6.1%) 0.19 
Killed by predators 0.35 + 0.06 (4.8%) 0.14 
Empty pupal cases 5.42 + 0.45 7.96 
Total 7.32 + 0.56 12.6 
1958-1959 Generation 
Eggs 
Ist sampling, late July '58 
Parasitized 0.57 + 0.41 (4.2%) } 6.72 
Killed by predators 0.15 + 0.09 (1.1%) 0.32 
Dislodged 0.26 + 0.25 (2.0%) 2.50 
Live 12.67 + 1.74 120.9 
Total 16.35 + 2.33 216.4 
2nd sampling, late July 
Dislodged 0.32 + 0.32 (5.3%) 4.23 
Live 5.75 + 1.20 58.2 
Total 6.07 + 1.68 112.9 
3rd sampling, late July 
Dislodged 0.90 + 0.74 (9.1%) 24.2 
Infertility desiccation 0.07 + 0.05 (0.7%) 0.12 
Live 8.95 + 2.66 284.5 
Total 9.92 + 2.79 311.9 
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Estimates of mean densities and of variations between samples of immature stages of O. nubilalis 
in three generations, five samples of 25 half-plants of the hybrid Marcross C 13.6 being taken 








from levels A and B from each of four blocks. 








. 


Mean number! 


per sample, x 


Variance Component 
Between samples, s,? 





| 
Generation and stage | 
4th sampling, early August 
Parasitized 
Killed by predators 
Dislodged 
Infertility — desiccation 
Live 
Total 
5th sampling, early August 
Parasitized 
Killed by predators 
Dislodged 
Live 
Total 
Summer larvae 
ist sampling, late July 
2nd sampling, early September | 
Dead larvae, miscellaneous causes} 
Live 
Total 
3rd sampling, early September 
Dead larvae, miscellaneous causes 
Live 
Total 
4th sampling, mid September 
Dead larvae, miscellaneous causes 
Live 
Total 
Winter larvae 
Ist sampling, late October 
Dead larvae, miscellaneous causes 
Live 
Total 
2nd sampling, late October 
Dead larvae, miscellaneous causes 
Live 
Total 
Spring larvae 
Ist sampling, early May 
Killed by frost® 
Killed by predators 
Live 
Total 
2nd sampling, late May 
Killed by frost* 
Parasitized 
Killed by predators 
Live 
Total 
Pupae 
Ist sampling, early August 
Larvae killed by frost® 
Parasitized 
Killed by predators 
Empty pupal cases 
Total 
1959-60 Generation 
Eggs 
Ist sampling, early July '59 
Infertility — desiccation 
Killed by predators 
Dislodged 
Live 
Total 
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72 + 0.37 

05 + 0.15 (19.5%) 
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46.5 
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46.2 
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TABLE IV (cont'd) 
Estimates of mean densities and of variations between samples of immature stages of O. nubilalis 
in three generations, five samples of 25 half-plants of the hybrid Marcross C 13.6 being taken 
from levels A and B from each of four blocks. 





Mean number! Variance Component 
Generation | and stage per sample, x | Between samples, s,? 
2nd ‘compliag, | late July 
Infertility — desiccation 0.05 + 0.05 (0.2%) 0.10 
Parasitized 0.22 + 0.22 (0.9%) 2.02 
Killed by predators 0.87 + 0.27 (3.5%) 2.86 
Dislodged 1.15 + 0.61 (4.6%) 15.0 
Live 22.85 + 1.74 121.5 
Total 25.14 + 4.56 833.5 
Summer larvae 
Ist sampling, early July 25.4 + 3.65 533.6 
2nd sampling, late July 22.8 + 1.74 121.5 
3rd sampling, early August | 
Dead larvae, miscellaneous causes | 0.70 + 0.17 (0.3%) 1.12 
Live 22.50 + 1.52 92.5 
Total 23.2 + 1.58 99.7 
4th sampling, late August 
Dead larvae, miscellaneous causes 0.50 + 0.11 (0.2% 0.49 
Live 22.8 + 1.82 132.0 
Total 23.3 + 1.81 131.3 
Winter larvae 
ist sampling, late October 
Dead larvae, miscellaneous causes 0.20 + 0.08 (2.2%) 0.25 
Live 8.82 + 0.47 8.99 
Total 9.02 + 0.45 7.70 
2nd sampling, late October 
Dead larvae, miscellaneous causes 0.07 + 0.04 (0.8%) 0.06 
Live 9.07 + 0.53 11.2 
Total 9.14+0.53 11.4 


' For mean per sample of 25 plants, multiply by 2. 
2 Killed by frost, winter of 1957-58. 
3 Killed by frost, winter of 1958-59. 


Distribution of summer and winter larvae in level B 

There were significant differences in the number of summer and winter 
larvae of O. nubilalis in different positions (mature and immature ears, ear shoots 
and stalks) within the plants in level B (Tables ‘V and VI), and of summer larvae 
between samples. Sample differences were, however, not observed for winter 
larvae. Significant differences between positions (base, middle, tip and shank) 
within mature ears, but not between samples, were similarly observed for summer 
larvae (Tables VII and VIII). Larvae of this age interval are the only forms 
of O. nubilalis that attack ears of the corn plant in Quebec. The greatest con- 
centration of larvae of both age intervals in level B was found in mature ears 
and in the stalks. Except for summer larvae, 1957-58 and 1959-60 generations 
(Table V1), larvae were not recorded in ear shoots. Traces of larvae were 
found in immature ears in all generations, except summer larvae, 4th sampling, 
and winter larvae, Ist and 2nd samplings, 1959-60 generation. The number of 
summer larvae in mature ears decreased in the fall as winter approached and 
larvae migrated within the stalks to the base of the plants to hibernate. This 
resulted in an increase in the number of winter larvae within the stalks. 


The mean number of summer larvae per 25 whole plants (average of means 


of 25 half-plants multiplied by 2, Table IV) and per mature ears (average of 
means, Table VI) was 33 and 11 for the 1957-58 generation, 24 and eight for 





I! 
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Significance of variation due to position within stalks and to samples in level B, for immature 
stages of O. nubitalis in three generations, five samples of 25 half-plants being taken from each 
of four blocks. 


Generation and stage 


1957-58 Generation 
Summer larvae 
Ist sampling, 


2nd sampling, 


1958-59 Generation 
Summer larvae 


2nd sampling, 
3rd sampling, 
4th sampling, 


Winter larvae 
Ist sampling, 


2nd sampling, 


1959-60 Generation 
Summer larvae 


3rd sampling, 
4th sampling, 


Winter larvae 
Ist sampling, 


early August 
mid August 


early September 
early September 
mid September 


late October 
late October 
early August 
late August 


late October 


2nd sampling, late October 


Mature and immature ears, shoots and stalks. 


TABLE VI 


Position! 


XX 
XX 


XX 
XX 
XX 


XX 


XX 


XX 


XX 


XX 
XX 


Samples 


XX 


XX 


Significance of mean densities in mature ears, immature ears, ear shoots, and stalks in level B, 
between samples of immature stages of O. nubilalis in three generations, five samples of 25 half- 
plants being taken from each of four blocks. 


Generation and stage 


1957-58 Generation 
Summer larvae 


Ist sampling, early August 
2nd sampling, mid August 


1958-59 Generation 
Summer larvae 


2nd sampling, early September 
3rd sampling, early September 
4th sampling, mid September 


Winter larvae 


Ist sampling, late October 
2nd sampling, late October 


1959-60 Generation 
Summer larvae 


3rd sampling, early August 


4th sampling, late 


Winter larvae 


August 


ist sampling, late October 
2nd sampling, late October 
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TABLE VII 
Significance of variation due to position within mature ears and to samples in level B, for immature 
stages of O. nubilalis in three generations, five samples of 25 half-plants being taken from each 








Generation and stage Position! Samples 











1957-58 Generation } 
Summer larvae 
ist sampling, early August XX 
2nd sampling, mid August XX — 
1958-59 Generation 
Summer larvae 


2nd sampling, early September XX = 
3rd sampling, early September XX _ 
4th sampling, mid September XX 
Winter larvae 
Ist sampling, late October x | — | 
2nd sampling, late October XX = 


1959-60 Generation 
Summer larvae 


3rd sampling, early August XX — 
4th sampling, late August XX . 
Winter larvae 
Ist sampling, late October - x : 
2nd sampling, late October x — | 
= — = — — — = —— = — —— — 
1Base, middle, tip and shank 1 


I 
4 
TaBLe VIII t 
Mean densities in base, middle, tip, and shank of mature ears* of the hybrid Marcross C 13.6, ] 

between samples of immature stages of O. nubilalis in three generations, five samples of 25 half- 
plants being taken from each of four blocks. ( 

LSD. 
Generation and stage Base Middle Tip | eee ee 
| | 5% | 1% 
| | | level | level 





1957-58 Generation | 


a Tr ee ee ea es 


Summer larvae 
Ist sampling, early August 0.6 6 | 2.95 4.90 | 1.49 | 1.96 
2nd sampling, mid August 0.2 3.9 | 6.55 | 1.33 | 1.3% 
1958-59 Generation 
Summer larvae } | 
2nd sampling, early September O75 | t.20 3.15 4.5 1) 3:3 . oe 
3rd sampling, early September 0.50 0.95 | 2.60 4.30 0.88 | 1.16 
4th sampling, mid September 0.05 0.95 1.40 3.50 1.00 1.32 
Winter larvae | 
ist sampling, late October 0.25 | 0.20 | 0.00 1.15 0.55 0.72 
2nd sampling, late October 0.20 0.65 | 0.00 | 0.75 | 0.35 0.46 
1959-60 Generation 
Summer larvae | 
3rd sampling, early August 1.00 2.90 2.0 | 3.2 1.08 | 1.42 
4th sampling, late August 1.60 2.55 4.05 2.35 1.18 1.55 
Winter larvae 
Ist sampling, late October 0.0 | 0.05 | 0.0 0.25 0.16 0.20 
2nd sampling, late October |} 0.0 | 0.05 | 0.0 0.25 0.18 0.23 

















*Mature ears always found in level B; no ears present in level A. 
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the 1958-59 generation, and 47 and 11 for the 1959-60 generation. Although 
borers of the 1959-60 generation showed at 30 per cent increase over those of 
the 1957-58 generation and 50 per cent over those of the 1958-59 generation, 
the number per mature ears did not. This was reflected in the per cent number 
of mature ears damaged by summer larvae, i.e., 32 per cent by the 1957-58 
generation, 27 by the 1958-59 generation, and 30 by the 1959-60 generation. 
This is indicative of high damage by summer larvae if ears of sweet corn are 
used as table corn but not so if ears are used for canning. In the process prior 
to canning, shanks and tips of mature ears, where most of the borers are located, 
are removed rendering a high proportion of the ears processable. 


Sampling Considerations 

Components of variance were used to determine the appropriate sampling 
procedure (see, e.g., LeRoux and Reimer, 1959; LeRoux, 1961). Estimates of 
inter-sample error variance (S*) were obtained from the mean square for samples 
within blocks (i.e., MSS = 480.1; Table I), and are listed in Table IV for stages 
that would ordinarily be sampled for O. nubilalis. Also listed are estimates of 
mean densities of these stages and associated mortality factors along with their 
standard errors. Each mean represents observations on five samples of 25 half- 
plants of the hybrid Marcross C 13.6 from level A and B from each of 4 
blocks. Standard errors were computed from the mean square for samples by 


the formula Sx = \/MSS/40. As the data indicate, the standard error for totals 
of each age interval were generally 20 per cent of the mean or less. Exceptions 
are to be noted particularly for egg mortalities from infertility-desiccation, 
predators, parasites and dislodgement. : 

In the present study, ‘samples’ constituted the sampling unit. It took two 
men two eight-hour days to collect and examine 20 ‘samples’ of 25 plants (i.e., 
40 samples of 25 half-plants). The number of man-days per sample equals 
therefore 4/20=0.2 The number of man-hours per sample = 8 (0.2) = 1.6 
hours, or 1.6 m, for m, samples. For all samplings of O. nubilalis, the amount 
of time to collect and examine the above-mentioned number of samples was the 
same. In life-table studies on the spruce budworm, Choristoneura fumiferana 
(Clem.) (Morris, 1955), the eye-spotted bud moth, Spilonota ocellana (D. & S.) 
and pistol casebearer, Coleophora serratella (L.) (LeRoux and Reimer, 1959), a 
10 per cent standard error in estimates of mean density was specified. Con- 
sidering the cost of sampling corn borer stages, as reflected in the number of 
man-hours needed to examine one sample, a maximum of 20 per cent standard 
error in the estimates of mean density was the highest precision possible. 
Estimates of the numbers of 25 half-plant samples or numbers of plants required 
for a 20 per cent error (Tables IX and X) were determined by combining all 7, 
values for single variables studied at any one stage and rounding upwards to the 
nearest multiple of five (Hansen et al., 1953, Sec. 4.11; LeRoux and Reimer, 
1959). For example, in sampling for eggs of O. nubilalis (Table IX), it is sug- 
gested that 35 samples of 25 half-plants or 440 plants be taken at random from the 
four blocks and examined for this stage. The high number of samples needed 
for a 20 per cent error of the mean for this age interval compared to the number 
needed for succeeding age intervals is largely a result of the greater variability in 
distribution of egg masses, and their lower numbers in the plot. These calculated 
values of m, are applicable to corn plots that are roughly similar in size and 
uniformity to the corn field sampled in this study. 

The m, values in Tables IX and X indicate that the error in mean number of 
eggs of O. nubilalis killed by parasites, 1st sampling, 1957-58 generation, may be 
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TABLE IX 
Estimation of numbers of half-plants to be sampled for a 10 per cent error, on the basis of n 
25 half-plant samples, for immature stages of O. nubilalis 


Numbers needed 


Stage C.V.'n n*s sé 
Samples of or Whole 
25 half-plants plants 
Eggs | 
Total, 1957-58 Generation 
Ist sampling 79.0 15.6 
2nd sampling 82.8 17.1 
Total, 1958-59 Generation 
Ist sampling 107.7 29.0 
2nd sampling 174.6 76.2 
3rd sampling 177.4 79.7 
4th sampling 132.6 43.9 
5th sampling 153.6 59.0 
Total, 1959-60 Generation 
Ist sampling 68.7 11.8 
2nd sampling 114.8 32.9 35 440 
Summer larvae 
Total, 1957-58 Generation 
ist sampling 69.3 12.0 
2nd sampling 44.8 5.0 
Total, 1958-59 Generation 
Ist sampling 86.7 18.5 
2nd sampling 60.6 9.0 
3rd sampling 63.0 9.9 | 
4th sampling 60.6 9.2 
Total, 1959-60 Generation 
ist sampling 90.0 20.7 
2nd sampling 48.1 5.8 
3rd sampling 42.6 4.5 
4th sampling 49.0 6.0 10 125 
Winter larvae 
Total, 1957-58 Generation 78.8 15.5 } 
Total, 1958-59 Generation 
ist sampling 48.1 5.8 | 
2nd sampling 42.7 4.4 
Total, 1959-60 Generation 
Ist sampling 30.6 2.3 
2nd sampling 36.8 3.4 10 125 
Spring larvae 
Total, 1957-58 Generation 
Ist sampling 62.2 9.6 
2nd sampling 66.7 10.9 
Total, 1958-59 Generation 
Ist sampling 42.2 4.4 
2nd sampling 35 3.2 10 125 
Pupae 
Total, 1957-58 Generation 
ist sampling 53.1 ZA 
2nd sampling 48.9 6.0 
Total, 1958-59 Generation 27.9 2.0 5 65 


ar ae oe Sars 100 a 
Coefficient of variation (inter-sample), on the basis of m 25 half-plant samples MSS 
X 


‘ ; C.V.n\? 
*Number of samples required, — 
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TABLE X 
Estimation of numbers of half-plants to be sampled for a 20 per cent error, on the basis of n 
25 half-plant samples, for some mortality factors of immature stages of O. nubilalis 


Numbers needed 





| Samples of or Whole 
|25 half-plants plants 








Eggs 
Parasitized, 1957-58 Generation 
ist sampling 304.9 232.2 
2nd sampling 240.0 144.0 
Parasitized, 1958-59 Generation 
ist sampling 454.4 515.3 
4th sampling 562.2 789.6 
5th sampling 559.1 781.2 
Parasitized, 1959-60 Generation 
2nd sampling 650.0 1056.2 590 7375 
Killed by predators, 
1957-58 Generation 
ist sampling 263.8 174.0 
2nd sampling 240.0 144.0 
Killed by predators, 
1958-59 Generation 
Ist sampling 3533.3 348.2 
4th sampling 475.5 565.5 
5th sampling 422.2 445.2 
Killed by predators, 
1959-60 Generation 
ist sampling 239.8 143.8 
2nd sampling 195.4 95.4 275 3440 
Dislodged, 1957-58 Generation 
ist sampling 526.8 693.8 
Dislodged, 1958-59 Generation 
ist sampling 640.0 1024.0 
2nd sampling 625.0 976.6 
3rd sampling 524.4 686.4 
4th sampling 638.3 1017.6 
5th sampling 487.5 593.9 
Dislodged, 1959-60 Generation 
ist sampling 200.0. | 100.0 
2nd sampling 336.5 283.2 670 8375 
Infertility-desiccation, 
1957-58 Generation 
ist sampling | 380.0 361.0 
2nd sampling LY 318.6 
Infertilit y-desiccation, 
1958-59 Generation 
3rd sampling 485.7 589.5 
4th sampling 671.4 | 1126.9 
Infertility-desiccation, 
1959-60 Generation 
ist sampling 600 .0 900.0 
2nd sampling 600 .0 900 .0 700 8750 
Summer larvae 
Dead larvae, miscellaneous causes, 
1958-59 Generation 
2nd sampling 206.7 106.1 
3rd sampling 440.0 484.0 
4th sampling 371.4 342.2 
Dead larvae, miscellaneous causes, 
1959-60 Generation 
3rd sampling 158.2 62.6 
4th sampling 127.3 40.5 210 2625 
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TABLE X (Cont'd) 
Estimation of numbers of half-plants to be sampled for a 20 per cent error, on the basis of n 
25 half-plant samples, for some mortality factors of immature stages of O. nubilalis 

















Numbers needed 








Stage | C.Vin ns? - 
| Samples of or Whole 
|25 half-plants plants 
Winter larvae | 
Dead larvae, miscellaneous causes, | 
1958-59 Generation 
ist sampling 286.7 204.5 
2nd sampling 162.2 65.6 
Dead larvae, miscellaneous causes, | 
1959-60 Generation 
ist sampling 250.0 156.3 
2nd sampling 342.9 293.8 180 2250 
Spring larvae 
Killed by frost, 1957-58 Generation 
ist sampling 173.1 74.8 
2nd sampling 140.0 49.0 
Killed by frost, 1958-59 Generation | 
ist sampling 101.7 25.8 
2nd sampling 81.6 16.6 45 565 
Parasitized, 1957-58 Generation 
ist sampling 440.0 484.0 
Parasitized, 1958-59 Generation 
2nd sampling 640.0 1024.0 380 9425 
Killed by predators, 
1958-59 Generation 
ist sampling 640.0 | 1024.0 
2nd sampling 485.7 | 589.5 | 755 9440 
Pupae 
Killed by frost, 1957-58 Generation | 
ist sampling 121.1 36.6 
2nd sampling ay a 13.2 
Killed by frost, 1958-59 Generation 
ist sampling 92.4 21.3 25 300 
Parasitized, 1957-58 Generation 
ist sampling 600 .0 900 .0 
2nd sampling 95.5 22 
Paratized, 1958-59 Generation 
Ist sampling 640.0 | 1024.0 650 8125 
Killed by predators, 
1957-58 Generation 
2nd sampling 106.9 28.6 | 
Killed by predators, ' 
1958-59 Generation 
ist sampling 333.3 277.9 155 1940 





‘Coefficient of variation (inter-sample), on the basis of m 25 half-plant samples, 100 a/Mss ; 
x 


ae weg (CN#V 
I > Si Ss rec cd, 
umber Oo implies require 20 


considerably greater than 20 per cent when only 15.6 samples of 25 half-plants 
are taken. The per cent standard error, p, is C.V.. / Vn. which is 304.9 / 15.6 
or 77, for these egg mortality data. As a compromise the number of 25 half- 
plant samples might be increased to 50; this would reduce the estimated standard 
error to 11 per cent for total eggs (Table IX) and 43 per cent for the numbers of 
eggs killed by parasites (Table X). The degree of precision desired in estimating 
mean mortalities from all sources for age intervals studied for O. nubilalis will 
generally be an important consideration. As a rule in the present study it was 
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found that a greater number of samples were needed when population densities 
were lower (Table X) than when they were higher (Table IX). 


Summary 


During the period 1957 to 1960, variation between samples of immature 
stages of the European corn borer, and of mortalities from some factors, on the 
sweet corn hybrid Marcross C 13.6, were determined. In the present sampling 
plan the only important source of random variation was the inter-sample error 
variance. 

Results indicated that for all samplings of immature stages of O. nubilalis 
differences between upper and lower halves of the stalks were, with one excep- 
tion, consistently significant, i.e., density totals for all age intervals were con- 
sistently higher in the lower halves of the plants. Level differences for mortalities 
from parasites and predators were not significant. There were some sample and 
block differences for a few samplings of immature stages of the corn borer but 
none for mortalities from the factors studied. Egg mortality from dislodgement 
was an exception. For the majority of samplings, sample and block differences 
were generally not significant. 

Based on the estimate of inter-sample error variance for all samplings, the 
optimum number of stalks to be sampled for a 20 per cent standard error 
precision of the mean for eggs was 440; for summer, winter and spring larvae, 
125 respectively; for pupae, 65. For mortalities from all factors, the numbers 
of plants to be examined for eggs range from 3,440 to 8,750; for summer, winter, 
and spring larvae, from 2,250 to 9,440; for pupae, from 300 to 1,940. The high 
numbers of plants to be examined for a 20 per cent precision for mortalities of 
O. nubilalis from all factors result in part from the very low mortality values 
obtained during the period of study. Nevertheless the sampling plan outlined is 
expected to provide a reasonable degree of precision for basic studies of popula- 
tion and mortality factors of O. nubilalis. 
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A Technique for the Extraction of Cocoons from Soil Samples 
during Population Studies of the Swaine Sawfly, Neodiprion 
swainei Midd. (Hymenoptera: Diprionidae) ' 


By J. M. McLeop? 


Since Neodiprion swainei Midd. overwinters within cocoons in the soil, it is 
necessary for the population ecologist to sample the forest floor. One-foot- 
square units of soil have been used for sampling cocoons in population studies of 
N. swainei in the Province of Quebec. After removal from the forest floor the 
samples were placed individually in cotton bags for shipment to the laboratory. 
The ordinary method to extract cocoons required that the samples be first broken 
up by hand, ‘then passed over various-sized screens to eliminate the sand and other 
small particles. Following this, each sample was carefully manipulated and 
scrutinized by one worker and the cocoons removed, then similarly re-examined 
by another worker. Best results were obtained when the samples were dry. 
ma Lyons, Forest Insect Laboratory, Sault Ste. Marie, Ont., had prev viously 
sampled N. swainei cocoons for several years. In a personal communication in 
June, 1960, he suggested that mechanical aids should be devised to improve the 


iContribution No. 718, Forest Biology Division, Department of Forestry, Ottawa, Canada 
*Forest Biology Laboratory, Quebec, Que. 











CII THE CANADIAN ENTOMOLOGIST 889 


fl" 





sa ts 


Fig. 1. Washing operation for the extraction of sawfly cocoons from square-foot soil 
samples. 


efficiency of extraction techniques and suggested that water pressure might be 
used. During investigations of N. swainei populations in the Saint-Maurice 
watershed of the Province of Quebec in 1960, a simple washing technique was 
developed which has proved successful in reducing the amount of time required 
for the extraction process, and in addition has improved the accuracy of the 
examinations. 

Soil samples were transferred individually from the cotton bags to screened 
containers prior to the washing operation. The containers were constructed of 
two 20-inch-square frames (built of 1-inch by 5-inch planks) joined together 
with hinges on one side and held in place on the other sides with snap- -locks. 
The top and bottom were each covered with two contiguous layers of screen 
held in place by %-inch-thick lathing; the inner screen (14- mesh) retained 
particles of cocoon size or larger w ithin the cage during the washing operation, 
the outer screen (eight-mesh galv anized hardware cloth) functioned as a support 
for the inner screen. Ten containers were placed in a row on a platform and 
tilted at a slight angle to the operator. The gry was constructed about two 
feet above ground ‘level by the shore of a lake (Fig. 1). After being placed in 
the containers, samples were broken up slightly by hand and large stems, roots, 
and stones removed. This helped speed up the w ashing operation. 

Water-power was provided by a portable pump w ith a 4-cycle, 8'4 H.P. 
Briggs and Stratton gasoline engine delivering a maximum of 41 imperial gallons 
per minute at 123 pounds per square inch. The unit was placed near the lake and 
Q rubber hose, 5 inches in diameter and 10 feet in length, provided the intake. 

50-foot length of 1'1-inch-diameter hose with a nozzle attachment was used 
mh washing the samples. While the pump operated at maximum capacity, the 
nozzle was held close to the screen and moved constantly back and forth. © Sand 
and small soil particles were forced by the water through the lower screen. 
Each container was turned over four or five times while a sample was being 
washed to free the lower screen of collected soil. The system was operated most 
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TABLE | 


Comparison of Efficiency and Accuracy in Extraction of N. swainet Cocoons 
between Washed and U Jawashed Square-foot Soil Samples 








Extracting time, | 


Number of 




















Number of man/hours cocoons Personal error 
Examiner| samples examined | per sample extracted (per cent) 
| “| | | 
W ashed Unwashed] Washed |Unwashed| Washed Unwashed) Washed panmemned 
A 3 3 1.42 2.89 | 80 92 3.1 6.5 
B 39 3 0.97 | 2.50 2051 205 9.8 14.2 
17 | 11 1.09 1.84 721 474 3.2 } 3.8 
D 49 |} 15 1.29 1.23 2057 629 7.7. 1 Shs 
All 
samples 108 32 1.18 ..72.. | 4909 | 1400 re 8.9 
| | 








efficiently by two men, one working the hose and pump, and the other handling 
the soil samples. The samples were then transferred to shallow 24-inch-square 
screened (14-mesh) trays with removable screened lids. These were placed on 
shelves in a solarium to dry. The solarium was open at the front to permit 
circulation of air but protected from the rain by translucent plastic-coated screen- 
ing on the roof and sides. The solarium could accommodate 30 samples which 
would become suitably dry during one-half a day of sunshine. A bench was 
constructed in the solarium where workers extracted cocoons from the samples. 


The efficiency and accuracy in extracting cocoons using this technique were 
compared with the ordinary method. For this, four workers each examined a 
number of washed and unwashed samples collected in July, 1960. The time 
required to examine and to check each sample was recorded. For washed 
samples, it was necessary to add 0.18 man/hours per sample to allow for time 
expended in washing and transferring the samples to the solarium. The personal 
errors of individual workers were calculated by comparing the number of cocoons 
recovered from the second examination with the total for each sample. The 
results of the test are given in Table I. It is shown that the extraction time saved 
with the new technique averaged a substantial 0.54 man/hours (34 minutes) per 
sample. A slight increase in accuracy also resulted; personal errors of individual 
samplers for washed samples were consistently lower than for unwashed samples. 
In addition, workers generally agreed that the elimination of much of the dust and 
soil through washing greatly reduced the unpleasantness of the extraction process. 
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Occurrence of the American Dog Tick, Dermacentor variabilis 
(Say) in Western Nova Scotia 


By R. R. Hatt anv J. A. McKter 


Laboratory of Hygiene, 
Department of National Health and Welfare, Ottawa, Canada. 


The American dog tick, Dermacentor variabilis (Say) is abundant in many 
localities throughout the coastal plains of eastern United States (Bequaert, 1946) 
and according to Lewis (1960) occurs in sparse numbers as far north as the 
Bangor area in Maine. In Canada, it is found from Saskatchewan to Nova Scotia 
(Gregson, 1956) but seemingly only in small numbers and in widely separated 
areas east of Manitoba. The published information on its occurrence in Nova 
Scotia is limited to a single record by Twinn (1944) who mentioned that male and 
female American dog ticks in “considerable numbers” were taken at the upper 
waters of the Sissiboo River in Digby County. Since its presence in western 
Nova Scotia in infestation numbers does not appear to be generally known out- 
side that province, it is felt that a note on our observations on D. variabilis might 
be of interest. 

The presence of D. variabilis in an area is always a matter for concern since 
this tick is a known vector of Rocky Mountain spotted fever, tularemia, Colorado 
tick fever and other diseases in certain areas of its range. Many of these diseases 
are maintained in the tick population by transovarial transmission. Concern over 
the possibility of the American dog tick carrying a disease has been expressed by 
authorities in Nova Scotia (Hawboldt, 1959). Apart from its role as a disease 
vector, it is not infrequently the cause of physical discomfort and mental anxiety 
to those who must work or who choose to seek recreation in the infested areas. 

Our primary interest in this infestation lay in determining whether or not 
these ticks are now harbouring one or more diseases transmissible to man. 
Results of laboratory tests for this purpose will be reported at a later date. 

Collections were made by flagging, a process in which a square yard of white 
flannelette attached to a pole is passed over and through low bushes and grass. 
Our limited experience indicates that an air temperature of at least 40°F. is 
necessary before the American dog tick will grasp firmly onto a flag. In the 
process of making these collections, information relating to distribution and, in a 
general way, to the degree of infestation was obtained. Additionally, local res- 
idents were interviewed to determine if the range of this tick was being extended 
within Nova Scotia. Based on information obtained from these interviews with 
men who have lived and worked in this area for 20 years or more, and on our 
own findings, the distribution map (Figure 1) was drawn to provide an 
approximation of the rate at which this tick has spread from its original range 
immediately north of Barrios Lake. At this time the range of the American dog 
tick in western Nova Scotia is bounded by Highways 8, 3, 40, and 1. 

Our survey was carried out for three weeks in 1959 beginning April 20, and 
for six weeks in 1960 from mid-May until the end of June. Collections were 
made at 29 locations in the five western counties. The total number of ticks 
taken in the two years was 17,600. 

Adult ticks begin to appear in western Nova Scotia usually in early April 
and by the first of July the numbers have decreased sharply. Bishopp and Smith 
(1938) report that in Maryland ticks begin to appear from mid-March to mid- 
April, declining sharply after mid-July. At Martha’s Vineyard in Massachusetts 
adult ticks are reported to be active from April to the end of August (Smith and 
Cole, 1941). 
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TABLE | 


Incidence of D. variabilis (Say) in particular areas of 
western Nova Scotia in 1959-60 











Total Number 
Area number | collected 
collected per man hour 
Yarmouth County 
Deer-check Station 2375 88 
N. Kemptville Road 460 | 57 
Digby County 
Silver River 2831 | 66 
Barrios Lake 5850 119 
Langford Lake 496 | 62 
Shelburne County 
Sable River 884 80 
Jordan River 2069 99 
Queens County 
Low Landing 413 | 69 
Annapolis County 
Nine Mile Wood 346 87 


A variety of habitats support this tick including wet riverside meadows, cut- 
over areas in spruce forests, sweet fern barrens, grasslands, and roadsides. The 
one feature common to all these areas was the lack of forest cover. Tick 
populations were highest along the sides of roads and trails. Glasgow and Collins 
(1948) pointed out that this tendency was so pronounced on Long Island that 
for some heavily infested regions as much as 90 per cent of the tick population 
was concentrated in less than 10 per cent of the area. 


Collection data for the more heavily infested areas are given in Table I. 
Reference to this Table shows that the highest collection rate obtained was 119 
ticks per man hour at Barrios Lake in Digby County. This location, an aban- 
doned mill site covering approximately 15 acres, is grown up in Coarse grasses and 
is bounded on two sides by spruce forest. Ticks were gathered to the edge of the 
forest but not beyond it. The location of this area is designated as “1” on the 
distribution map (Figure 1). Along the road on the east side of the Jordan 
River (2, Figure 1), ticks were taken at the rate of 99 per man hour from grass 
and low scrub growing in sandy soil. In Yarmouth County the grounds about a 
deer-check station (3, Figure 1) grown up in grass and sweet fern yielded ticks 
at the rate of 88 per man hour. These three areas are said to have been infested 
for from 10 to 20 years. An infestation on the east side of Highway 8 (4, 
Figure 1), noted for the first time in 1960 by a game warden, yielded ticks at the 

rate of 87 per man hour. Comparison of these collection rates with those of other 
workers (Holland, 1940; Kohls, 1959) leaves little doubt that this is a heavy 
infestation. ; 


It is generally claimed that this tick was introduced into the Barrios area 
around the turn of the century by bird dogs brought in from the United States. 
Whether or not D. variabilis is an introduced species in this region is open to 
question. Lewis (1960) points out that various plants and animals in this area 
exhibit discontinuity of range between their Nova Scotian populations and 
populations of the same species in New England. However, the recent spreading 


of this tick in Nova Scotia may be interpreted as a strong indication of its having 
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Fig. 1. Distribution of D. variabilis in western Nova Scotia. 


been introduced. This latter theory was offered freely by those who were 
interviewed. 


Acknowledgment 
The authors gratefully acknowledge the assistance provided by Mr. Clarence 
Mason, Director of Conservation and members of the field staff of the Denart- 
ment of Lands and Forests, Nova Scotia. 


References 

Bequaert, J. C. 1946. The ticks or Ixodoidea of the northeastern United States and eastern 
Canada. Entomologica Americana 25: 73-232. 

Bishopp, F. C. and C. N. Smith, 1938. The American dog tick, eastern carrier of Rocky 
Mountain spotted fever. U. S. Dept. Agric. Circ. 478, 25 pp. 

Glasgow, R. D. and D. L. Collins, 1948. Ecological, economic and mechanical considerations 
relating to the control of ticks and Rocky Mountain spotted fever on Long Island. Jour. 
Econ. Ent. 41: 427-431. 

Gregson, J. D. 1956. The Ixodoidea of Canada. Canada Dept. Agric. Pub. 930, 91 pp. 

Hawboldt, L. S. 1959. Personal communication. 

Holland, G. P. 1940. Notes on ecology of Dermacentor andersoni in southern Alberta. 
Proc. Ent. Soc. British Columbia 36: 8-11. 

Kohls, G. M. 1959. Tick rearing methods with special reference to the Rocky Mountain 
wood tick, Dermacentor andersoni Stiles. In: Lutz, F. E. et al. Culture methods for 
invertebrate animals. Dover Publ. Inc., New York. Pp. 246-256. 

Lewis, H. F. 1960. Personal communication. 

Smith, C. N. and M. M. Cole. 1941. The effect of length of day on the activity and hiber- 
nation of the American dog tick Dermacentor variabilis (Say) (Acarina, Ixodidea). 
Ann. Ent. Soc. Amer. 34: 426-431. 

Twinn, C. R. 1944. The Canadian insect pest review 22: 164-165. 


(Received January 30, 1961) 











894 THE CANADIAN ENTOMOLOGIST October 1961 


Variation, Distribution and Evolution of the 
Tabanus (Hybomitra) frontalis Complex of Horse Flies 
(Diptera : Tabanidae) 


by J. F. McALPIne 


Entomology Research Institute, Research Branch 
Canada Department of Agriculture, Ottawa 


Introduction 


Nearctic horse flies usually identified as Tabanus (Hybomitra) frontalis 
Walker or septentrionalis Loew, or simply as T. frontalis septentrionalis complex, 
have puzzled taxonomists for more than a century. These tabanids (Figs. 1-3), 
which are among the most widely distributed, most abundant and most trouble- 
some biters of animals and man in North America, are extremely variable, 
especially in color and size. Those who have studied the group have widely 
different views concerning the taxonomic significance of the variations observed. 
To date, five nominal species (excluding T. opacus Coq.) have been described 
from small samples of populations of the group from various parts of Canada, i.e., 
frontalis and incisus W\k. (Nova Scotia), septentrionalis Loew and labradorensis 
Enderlein (Labrador), and canadensis Curran (central Manitoba). 

In general, these names are difficult to apply accurately, and evidently most 
of them do not represent discrete natural populations. On the other hand, 
certain samples, especially from the prairie regions, seem to fall outside the range 
of variation of populations associated with any or all these names. This is a 
report on some of the variations in populations that make up the complex, their 
significance and some conclusions on the systematics and evolution of the group. 


Material 


In all, I studied some 5000 specimens of the complex from about 300 localities 
in Canada and the United States. Most material was collected in localities in 
northern Canada and Alaska by members of the Northern Insect Survey parties 
and is in the Canadian National Collection. The remainder, obtained from the 
sources given under acknowledgments, will be returned. 

This is the first time anyone has studied samples of this group from so 
many parts of its range. 


Natural Populations and Geographic Distributions 


Tabanus frontalis Walker, in the strict sense, occurs throughout the North- 
ern, Western and Eastern Forest regions’ (Fig. 4). Here it breeds in muskegs, 
bogs, marshes and sloughs. It is most abundant in the Subarctic Forest-Tundra 
Transition (=Hudsonian) zone, where bog and muskeg conditions prevail; in 
this zone and in many parts of the Boreal Forest (—Canadian) zone it is the most 
common tabanid. 


For the most part its northern limit of distribution almost coincides with the 
tree line, but in a few places, i.c., Umiat, Alaska, Reindeer Depot, Kidluit Bay, 
Muskox Lake, Eskimo Point and Padley, N.W.T., and Hebron, Labr., it occurs 
up to 100 miles north of the line. 


It occurs southward as far as Utah, Colorado, Wyoming, South Dakota, 
Minnesota, northern Illinois, Michigan, Indiana, New York and Maine. 


In the Great Plains it extends into the Prairie and Foothills Grassland 
(=Austral) region. Eastward, it occurs in the Northeastern Hardwood Forest 


1Natural sogiane and zones mentioned throughout are as shown by Porsild, A. E., 1959. Natural 
Vegetation, in Atlas of Canada, p. 38. 
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zone of the Eastern Forest region (=Alleghanian zone of Austral region). In 
the latter zone it seems to occur only near permanent bogs and marshes. 

A prairie and foothills species, described below as Tabanus (Hybomitra) 
pediontis, new species, occurs in disjunct, local populations in southern Alberta, 
southern Saskatchewan, southwestern Manitoba, the Dakotas, Montana, Wyom- 
ing, Utah and possibly parts of Nebraska and Colorado (Fig. 6). This species 
has long been recognized as different from typical frontalis but it has not 
previously been described. Apparently it breeds in the margins of permanent 
alkaline sloughs and marshes, which occur sparingly in this region. 

The distribution of T. (Hybomitra) opacus Coq. is shown in Fig. ‘2 
occurs mainly in the Western Forest region (except Coastal Forest), in northern 
California, Colorado, Idaho, Nevada, Utah, Montana, Wyoming, British Colum- 
bia and Alberta. Occasional specimens have been taken in the Prairie Parkland 
in southern Saskatchewan and Manitoba. It has been reared from larvae “taken 
in grassy hummocks below a desert spring near Three Forks, Montana” (Philip, 
1936, p. 154). 


Historical Review 


Walker (1848, p. 172) erected the first name, i.e., T. frontalis, assignable 
to the complex and (1850, p. 26) later added T. incisus Wlk., the second oldest 
name. Both were described from Nova Scotia and the latter has long been 
considered a synonym of the former. Specimens in the Canadian National 
Collection that were compared with the types of frontalis and incisus in the 
British Museum (Natural History) by Drs. H. Oldroyd and C. B. Philip, together 
with the notes kindly provided by both authorities, leave no doubt about their 
synonymy. 

Loew (1853, p. 592) described T. septentrionalis Loew from Labrador and 
compared it with T. quatuornotatus Meig. and T. nigricornis Zett. of the Pale- 
arctic fauna. Variation in the type series was described by Loew as follows: 
“The broad longitudinal stripe in the middle of the blackish grey venter is usually 
more distinct than in the related species, as the coloring of the anterior segments 
beside it is often reddish; when this is not the case, the stripe is hardly more ap- 
parent than in other species” (translation from the original German by Osten 
Sacken, 1876, p. 467). - A topotypic homotype in the Canadian National Col- 
lection, compared by C. H. Curran, establishes the identity of this black northern 
form. 

Osten Sacken (1876, p. 467) distinguished five forms among the representa- 
tives of the complex he had before him but assigned all of them to T. septen- 
tiionalis Loew. This was almost a true concept of the species. 

Hine (1904, p. 243) also called frontalis septentrionalis and drew attention 
tc its variation in size and color. His key suggests that he did not appreciate 
tke extremes of the variation. Later he (1923, p. 145) remarked that certain 
Alaskan specimens match “the brighter, more shining black eastern specimens 
more closely than the duller, more pollinose western specimens”. However, he 
alio pointed out that he could find “no structural characters to separate these 
phases”. 

Likewise, Cameron (1918, p- 560) used the name septentrionalis for frontalis 
and emphasized that it was “extremely variable in colour and size”. His article 
contains a clear photograph of an adult female from the vicinity of Saskatoon, 
Sask., that is representative of the “duller, more pollinose western specimens” 
mentioned above. Later, Cameron (1926, p. 37) presented a wealth of informa- 
ticn on the economic importance and bionomics of frontalis, and described the 
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larva, the pupa, and the adult male for the first time. Concerning variation he 
stated that “the ground colour of the lateral abdominal spots on segments 2-4 
is otten reddish” and pointed out that “a short spur may (italics mine) be present 
at tne base of the anterior branch of the third vein”. 

Enderlein (1925, p. 363) placed septentrionalis Loew in the genus Tylosty pia 
Ena., implying that it normally has a stump vein at the base of the anterior branch 
of the third vein. Later he (1934, p. 185) transferred it to the genus Sty pomrmmia 
End., which is also characterized by the presence of a stump vein. Also, Ender- 
lein (loc. cit.) described Tylostypia labradorensis End. from Labrador, distin- 
guishing it from septentrionalis on the basis of the absence of coarse, black hairs 
on all the abdominal venters except the apical two or three, and several other 
characters, all of which are inconstant. I examined two specimens that Dr. 

B. Philip compared with the type of T. labradorensis and these specimens 
together with long series from many localities along the coast of Labrador 
indicated that /abradorensis End. is a synonym of septentrionalis Loew. 

Curran (1927, p. 82) recognized frontalis W1k., incisus Wlk., septentrionalis 
Loew and labradorensis End. as representing four species and described a fifth 
“species”, i.e., T. canadensis Curran, from Lake Winnipegosis, Man. The holo- 
type of the latter, intact in the Canadian National Collection, differs from 
septentrionalis and labradorensis chiefly by its lighter color and from frontalis 
and incisus by its smaller size and a few ‘other variable characters. 


Philip (1931, p. 115) placed frontalis, incisus, labradorensis and canadensis 
as synonyms of septentrionalis Loew and discussed at some length the great 
number of variations within the complex. He concluded, “Intergrades occur 
that justify Osten Sacken’s hesitancy for specific designation even with his 
limited material. Labradorensis and canadensis appear to warrant no more than 
varietal rank at most, unless the whole western group is accepted as different 
from the original Labrador type”. Later he egy p. 37) referred “the three 
species of the difficult septentrionalis group” , Le., T. frontalis Wlk., T. incisus 
WIk. and T. canadensis Curran, to the ‘ ‘cman — due to the as yet inade- 
quate understanding of geographic and specific limits”. 

Stone (1938, p. 162) considered T. frontalis Wik. (= T. incisus Wlk.) and 
T. septentrionalis Loew (= T. canadensis Curran) as different species, admitting 
that “frontalis many times quite closely resemble septentrionalis’. In the same 
paper he (p. 165) listed T. labradorensis End. as dn unrecognized species. Philip 
(1947, p. 297 followed Stone except that he gave frontalis only subspecific status 
under septentrionalis; later he (1950, p. 434) recognized the need for reversing 
the priority of frontalis W\k., which is the older name, and placed septentrionalis 
as a subspecies of it. At the same time he reiterated his earlier opinion that T. 
labradorensis End. is only a variant of Loew’s black northern form. 


Miller (1951, p. 245) referred all material of this complex from Churchill, 
Man., to T. pried ate Loew. Hays (1956, p. 54) recorded both H. frontalis 
frontalis (WI\k.) and frontalis septentrionalis (Loew) from the State of Michigan, 
and Pechuman (1957, p. 163 and Fig. 59) believed that both “subspecies” occur 
in upper New York State. 


Tabanus opacus Coquillett (1904, p. 21) was described from Nevada. Com- 
pared with frontalis it is a relatively stable, distinct species in most of its range. 
Consequently, it has no synonyms and has seldom been confused with other 
species. This is the first time it has been considered to be a member of the 
frontalis complex. 
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2. T.pediontis n.sp. 


Dorsal aspects of females of two species of Tabanus (Hybomitra). L, body 
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3. T.opacus Cog. 


Fig. 3. Dorsal aspect of female of Tabanus (Hybomitra) opacus Coquillett. 


Tabanus (Hybomitra) frontalis Walker 


Tabanus frontalis Walker, 1848, p. 172. 
Tabanus incisus Walker, 1850, p. 26. 

Tabanus septentrionalis Loew, 1858, p. 592. 
Tylosty pia labradorensis Enderlein, 1925, p. 363. 
Tabanus canadensis Curran, 1927, p. 82. 


Diagnosis 

This species is extremely difficult to diagnose because one of its most out- 
standing characteristics is variability. Traditionally it has been brought out 
near the ends of keys after most related species have been eliminated. The 
characters that usually separate other species of horse flies are so unstable in 
frontalis that they cannot be depended upon. 

However, frontalis has a rather distinctive general appearance (Fig. 1). A 
prominent row of six, greyish-pollinose spots along each side of the female 
abdomen is a nearly constant character and more or less sets the species apart 
from all other Nearctic species. Each spot is nearly round, so that the row 
has a less jagged appearance than in related species (compare Figs. 1-3). They 
become progressively smaller posteriorly and are more apparent to the naked 
eye than under a microscope. 

In the head (Fig. 7), the eye bands are usually moderately broad. The 
sides of the frons usually bend slightly outward in the middle and then converge 
gently to the frontal callus; the frons is, therefore, widest in the middle. The 
frontal callus is often considerably wider than high, and the narrow median 
callus is almost always at least narrowly separated from it. 

The eighth sternite (Figs. 17-19) is fairly broad apically and bears numerous 
stiff, black hairs and also fine, silky-white ones. 
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Figs. 4-6. Geographical distribution of three species of Tabanus (Hybomitra). 











Variation 

Color.—Dichromatism: Throughout its range, but especially in the Forest- 
Tundra Transition zone, three areas of the adult’s body, i.e., the base of the 
antenna, the prealar lobe, and the side of the abdomen, are subject to dichromatism 
(Fig. 24). Any one or all of these areas may be either melanistic (brown to 
black) or pale (reddish-brown to yellowish-orange). Since the colors of these 
three areas vary independently there are eight color morphs as shown in Fig. 24. 

Though it is possible to place all specimens in one or other of these cate- 
gories, the distinctions are not always clear-cut. If there was any red or brown- 
ish-red present in any of the areas mentioned, I considered that area reddish. 
To qualify as “black” the part in question had to be entirely black. Thus, in 
any but morph 8, there is considerable variation in the intensity and extent of 
reddish coloration wherever it is present. In morph 1, for example, the reddish 
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coloration on the side of the abdomen varies from a very ame, poorly defined 
spot on tergum two to an extensive spot on each of terga 2-4; the first antennal 
segment varies from dull greyish-red to semitranslucent orange; further, the 
prealar lobe varies from dull brownish-red to the light-orange color that often 
occurs in the first antennal segment. 

The frequency of expression of “red” and “black” in these three areas of 
the body varies geographically in populations from north to south and from 
west to east (Fig. 25). In the southern parts of the Boreal Forest (Canadian) 
zone and in most of the Eastern Forest region the black phases are often not 
expressed. This means that in the southern parts of its range T. frontalis usually 
has a reddish basal antennal segment, a reddish prealar lobe and a reddish- sided 
abdomen. In the north, however, both red and black are expressed in more 
nearly equal numbers in all three areas of the body. This means that eight 
color morphs exist in most localities in the Subarctic Forest-Tundra Transition 
(=Hudsonian) zone. In the Boreal Forest an intermediate condition exists 
(compare graphs for the population from Rupert House, P.Q., with those from 
St. Lawrence Valley and Knob Lake, P.Q., Fig. 25). 

The frequency in which red and black are expressed in these areas of the 
body also differs in different localities from west to east, particularly in the 
northern part of the Northern Forest region (Fig. 25). For instance, the ab- 
domen is black in only 10 per cent of the population at Watson Lake, and in 
40 per cent of specimens from Knob Lake, P.Q.; the prealar lobe is black in 
about 10 per cent of the population at Whitehorse, Y. T., Yellowknife, N.W.T., 
and Churchill, Man., compared with about 40 per cent for Knob Lake, P.Q., and 
Hebron and Nutak, Labr.; the first antennal segment is black in about 40 per 
cent of the population at Churchill and 90 per cent of specimens from Nutak. 
In general, the frequencies i in which black is expressed in the three body regions 
are lower in northern localities on the west side of Hudson and James bays than 
in localities in similar latitudes on the east side (compare first four graphs i in Fig. 
25, with the next five). Farther south in the Boreal Forest zone, and in the 
Eastern Forest region, however, there is little difference between frequencies 
of black in samples from western and eastern localities of similar latitudes 
(compare graphs for samples from southern Manitoba and the Maritime 
Provinces, Fig. 25). 

In the samples of T. frontalis from southern Canada the relative abundances 
of morph 1 (with reddish basal antennal segment, reddish prealar lobe and 
reddish-sided abdomen) is much greater than in samples from more northern 
localities (compare first bar of each graph, Fig. 26). Conversely, the relative 
abundance of morphs 2-8 are generally much higher in samples from northern 
localities (compare remaining bars, Fig. 26). In this respect, os conyers from 
latitudinally intermediate localities exhibit intermediate conditions (compare 
relative abundances at Rupert House, P.Q., with those of Knob Lake, P.Q., and 
in the St. Lawrence Valley, Fig. 26). 


On a west-east basis within the Subarctic Forest-Tundra Transition zone, 
the relative abundances of the different color morphs differ from locality to 
locality in such a way that it is more difficult to predict the situation in a 
particular area. Morph 1 comprises almost 45 per cent of the population at 
Whitehorse and reaches a low of less than 20 per cent at Nutak. Morph 2 is 


Figs. 7-9. Anterior and left lateral aspects of heads of three species of Tabanus (Hy- 
bomitra). EH, eye height; FL, frontal length; HW, head width max. FW, maximum frontal 
width. 
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9. T.opacus Coq. 
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most abundant at Watson Lake (almost 50 per cent of the population) and least 
abundant at Churchill (about 20 per cent). Morphs 3 and 7 are scarce every- 
where but most abundant at Knob Lake, where they make up about eight and 
five per cent, respectively, of the population. Morph 4, which comprises only 
five per cent or less of populations west of Hudson Bay, forms more than 35 
per cent of samples from east of Hudson Bay. Morph 5 is scarce everywhere 
except at Churchill, where it constitutes about 15 per cent of the samples 
examined. Morph 6 fluctuates between a low of about 2.5 per cent in Labrador 
to a high of about 11 per cent at Churchill and Yellowknife. Morph 8, like 
morph 4, is consistently more abundant in populations east of Hudson Bay than 
west of it; it attains a maximum of about 18 per cent of the population at 
Nutak, and drops to a low of four per cent at Watson Lake. The fluctuations 
are less striking at more southern latitudes. 

The geographical ranges of the eight color morphs are noteworthy (Fig. 
27). Morphs 1-6 occur in essentially the same areas, morph 1 having the 
widest distribution of all. Typically morphs 7 and 8 are largely restricted to 
the area of Canada and Alaska in which the mean annual number of degree-days 
above 42°F. is between 1000 and 1500. Exceptions to this are occasional, entirely 
brownish-black specimens from more southern localities near the margins of the 
prairies in Manitoba, Saskatchewan, Alberta, Montana and Colorado. In these 
cases the melanism appears to be more of a gradual darkening, possibly reflecting 
a simple phenocopy effect rather than dichromatism. In any case, I consider 
the melanism in these specimens may depend upon factors different from those 
for northern specimens. 

The physiological basis of dichromatism is not known. One possible ex- 
planation is that the colors of each area are governed by a single gene that 
carries an allele for red and another for black, neither being completely dominant 
in the heterozygous state. This explanation is probably too simple, but certainly 
the possibility of heritability should not be ruled out. One would expect that, 
if color variation were merely a phenocopy effect due to rages angel reactions 
to ecological factors such as temperature, humidity, ultra-violet light and, 
salinity, specimens from any given locality would tend to be uniform or show 
gradational differences rather than to demonstrate certain phenotypic ratios as 
they do. 

It is known that, in nature, all the individuals in any deme or locality do 
not mature at the same rate. Although most farvae mature and pupate in one 
year, many individuals require two or three, and possibly more, years to do so 
(Cameron, 1926, pp. 12, 13; Miller, 1951, pp. 241, 259). Some of the color 
variations observed in the adults may be associated with such factors as duration 
of larval stages and larval food. The color of the three regions of the body 
under discussion is not dependent upon the ages of the adults, for all morphs are 
present in newly emerged specimens that Miller (1951) reared at Churchill. 

General Color Variation: In addition to the dichromatism described above, 
all morphs are subject to a general phenocopy effect that more or less corres- 
ponds to Gloger’s rule. Specimens from northern localities are darker than 
those from more southern localities. This is best illustrated by comparing the 
same color morph, e.g., morph 1, from the southern and northern limits of its 
range. The general darkening of color from south to north is gradual and forms 
a smooth cline through the Northern Forest region. 

Knight (1924, pp. 268-9) found a somewhat similar situation in the bug 
Perillus bioculatus F. Summing up his conclusions, he stated, “The colour forms 
are the result of ecological factors, particularly temperature, which regulates 
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TABLE I 
Size Relationships of Four Populations of T. frontalis 








Churchill | Indian House 











l 
bee ne | Southern 
Character Man. | Lake, P.Q. | Manitoba 
Body length, range 10.0-15.0 | 11.0-16.0 | 12.5-16.5 11.3-16.0 
(mm.) mode } 11.6-12.0 13.0-13.5 14.5-15.0 | 13.6-14.0 
Frontal length, range | 11.0-16.0 | 12.5-16.5 | 14.0-17.0 | 12.5-17.3 
(mm. X 8) mode 12.6-13.0 | 14.1-14.5 15.1-16.0 | 14.1-14.5 
Max. ~~ width, range | 8.5-13.0 9.0-12.5 | 9.8-13.0 8.0-13.0 
(mm. X 16) mode 9.6-10.0 | 10.5-11.0 10.6-11.0 10.6-11.0 
| | 
Eye height, range 7.0-10.5 | 7.5-10.0 | 8.5-10.5 7.5-10.5 
(mm. X 4) mode 8.6-9.5 | 8.6-9.0 | 9.1- 9.5 8.6- 9.0 
| | | 
Head width, range | 7.0-10.0 | 7.5- ye | 8.8-10.5 7.5-10.5 
(mm. X 2) mode | 8.1- 9.0 8.6- 9.0 | 9.1- 9.5 8.6- 9.0 
| 





physiological activity and determines how much pigment will be deposited in 
the hypodermis and cuticula. At higher temperatures the lighter colour patterns 
prevail as a result of oxidation of pigments at higher metabolic rates, whereas, 
with temperature below the optimum rate, metabolism is slowed down so excess 
pigment coming with the food cannot be eliminated by oxidation, but is 
deposited in the hypodermis and cuticula” (Knight, 1952, p. 229). 


This hypothesis may help to explain the general darkening in T. frontalis 
in the north. 

Size: Five body measurements, body length (Fig. 1, L), frontal length (Fig. 
7, FL), maximum frontal width (Fig. 7, max. FW), eye height (Fig. 7, EH) 
and head width (Fig. 7, HW), were made on four series: from Churchill, Man., 
and Indian House Lake, P.Q., in the north, and from Yellow Grass, Sask., and 
southern Manitoba. In the last series small samples from 24 localities (all south 
and west of a line joining the southern ends of Lake Winnipegosis and Lake 
Winnipeg) were pooled. 

These measurements were made to learn the magnitude of the variation in 
the size of certain characters in populations from different localities; and to 
determine whether there is any relation between color and size differences ob- 
served in specimens from any one locality. 

Body lengths were determined by means of calipers and a millimeter scale; 
all other measurements were made by means of a squared ocular grid in an 
ordinary stereoscopic microscope. In measuring the length of the frons and the 
height of the compound eye, the heads of the specimens were oriented at the 
same angle. 

Frequency curves for body length, frontal length, maximum frontal width, 
eye height and head width (Fig. 28) are practically unimodal and similar for 
the four series. There are slight differences in the ranges and modes for these 
characters in the different populations (Table I) but these, together with minor 
variations in the contours of the curves, are in line with normal geographic 
variation that one expects to find in such a widespread species. 

The differences in size that exist between widely separated populations appear 
to be clinal. For example, the modal length of the series from Churchill, Man., 
is 12.0 mm., whereas it is 15.0 mm. in the series from Yellow Grass, Sask.; the 
average length of 15 specimens from Wanless, Man., a geographically inter- 
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TABLE II 


Percentages of T. frontalis with a stump on anterior branch of 
third vein in various Canadian localities 






Number of Percentage with 
Locality specimens stump vein 
examined 





Ce atral British Cutecaibie " 88 15 
Southern Yukon Territory 84 23 
McKenzie River Delta 45 + 
Southern Alberta 139 22 
Yellowknife, N.W.T. 228 18 
Southern Saskatchewan 105 16 
Churchill, Man. 158 29 
Southern Manitoba 159 43 
Eastern Ontario 44 7 
Knob Lake, P.Q. 91 9 
Ft. Chimo, P.Q. 283 16 
Indian House Lake, P.Q. 149 24 
Hebron, Labr. 218 20 
New Brunswick 35 14 
Nova Scotia 18 11 


mediate locality, is 14.0 mm. A similar clinal relationship can be demonstrated 
for almost any character. 

In general, north-south variations in size of T. frontalis are contrary to 
Bergmann’s rule, for individuals from warmer, southern areas are larger than 
those from northern areas (Table 1). However, this is not always true; in certain 
demes, for instance near Lake Winnipegosis, Manitoba, specimens are smaller on 
the average than they are in certain northern localities, for example at Hebron, 
Labrador. Likewise, a few, small, almost dwarfish specimens occur in collections 
from some localities in Wyoming, Colorado, Montana, Minnesota and Wisconsin. 
Although in these specimens there is some relation between size, color, and eye 
banding (small specimens are often darker with narrow central eye bands), the 
specimens are evidently extreme variants; all gradations occur in moderate series 
from the localities concerned. 

To determine whether there is any relation between observed differences in 
color and size of specimens in any locality, the measurements for each of the 
eight color morphs were plotted on separate graphs for the samples from 
Churchill and Indian House Lake. In both series the ranges of variation and the 
modes for the five characters were approximately the same in all the morphs. 
The darker morphs are a little smaller on the average than the paler morphs, but 
for practical taxonomic purposes there is little or no relation between the sizes of 
specimens and their color patterns. 


Wing Venation: Although a stump vein almost always occurs near the 
base of the anterior branch of the third vein in some related species, e.g., T. 
pediontis, new species, described below, it is a very transient character in T. 
frontalis. In this species the frequency of its occurrence varies haphazardly from 
one locality to another (Table IL); about half of the specimens that have a stump 
vein have it in one wing only. 

Numbers of Pseudotracheae: Preliminary investigation of the number of 
pseudotracheae in the labellae of 7. frontalis indicated that they are more 
numerous in the southern part of its range than in the north. In random samples 
(several specimens from each area) from the Maritime Provinces, southern 
Quebec and eastern Ontario the number varies from 39 to 44 and averages 42. 
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Figs. 10-20. Female terminalia of two species of Tabanus (Hybomitra). 10-12, 14, 15, 
1/-19, T. frontalis Wik. 10-12, dorsal aspects of specimens from Baddeck, N.S., Churchill, 
Man., and P.E.L., respectively; 14, 15, right lateral aspects of specimens from Churchill, Man., 
and P.E.I., respectively; 17-19, ventral aspects of eighth sternites of specimens from 
Churchill, Baddeck, and P.E.I., respectively. 13, 16, 20, T. pediontis n.sp. from Whitewater 
Lake, Man. 13, dorsal aspect; 16, right lateral aspect; 20, ventral aspect of eighth sternite. 

Figs. 21-23. Male terminalia of two species of Tabanus (Hybomitra). 21, 22, T. pedion- 
tis n.sp., ventral and left lateral aspects; 23, T. frontalis Wk., left lateral aspect. 
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In those from Knob Lake, Rupert House and Fort Chimo, P.Q., Hopedale, 
Labrador, and Padlei, N.W.T., the number varies from 33 to 36 and averages 35. 

Pubescence and Pollinosity: Northern specimens are more sparsely pollinose 
and less densely pubescent than southern ones. Although this applies to both 
eastern and western populations it is most evident in specimens from central and 
southern Manitoba, and Saskatchewan and the adjoining states of the United 
States. These specimens have a heavier coating of pollen and the yellowish 
pubescence is denser; this accentuates the pale mid-dorsal triangles and sublateral 
markings on the abdomen. 

The abdominal pattern in material from the interior of British Columbia and 
parts of western Alberta differs from that of frontalis from elsewhere. The dif- 
ference lies mainly in the relative size and shape of the cinereous-pollinose, lateral 
spots that overlie the areas of each tergum that may or may not be reddish-brown. 
In most of the range of frontalis these spots are round or broadly oval (Fig. 1) 
but in the Western Forest region of Alberta and British Columbia they are 
usually smaller and, particularly on the second and third terga, somewhat 
crescentic in shape, i.e., the anterolateral margin of each spot is concave to weakly 
convex. Two other factors add to this difference in abdominal pattern: the body 
is less heavily pollinose than in other western material of frontalis, so that the 
pollinose abdominal spots contrast more strongly; and secondly, the yellowish- 
pubescent median triangles are relatively shorter. The total effect of these 
differences is that the abdominal pattern of frontalis in British Columbia and 
Alberta is often very similar to that of T. opacus Coq. (Fig. 3). These two 
species occasionally occur together in this region, so that it is sometimes very 
difficult to distinguish them. In a few localities this difficulty is intensified by 
evident hy bridization of opacus and frontalis (See remarks under hybridization 
below). 

Terminalia: Some of the sclerites of the female terminalia (Figs. 10-12, 14, 
15, 17-19) vary considerably, especially the eighth tergite (Figs. 10-12) and the 
eighth sternite (Figs. 17-19). In the eighth tergite the differences shown are 
partly due to differences in the angle from which it is viewed and also to the 
degree or extent of sclerotization. In the eighth sternite, there are obvious 
differences in length-width ratios and in the depth of the apical emargination. 

The male terminalia (Fig. 23) seem to vary less than the female terminalia 
but fewer specimens were studied. 


Discussion 

Evidently the T. frontalis complex of the Northern, Eastern and Western 
Forest regions, consists of a continuous, transcontinental population made up of 
many local demes that differ from each other in varying degrees. Some of these 
demes, more isolated than others, may eventually become dissimilar genetically 
if they become more completely phy sically isolated from the main gene pool. 
However, at present, any formal splitting of the population that one might pro- 
pose would be arbitrary and unsatisfactory for practical taxonomic purposes. 
Many characters within the population vary clinally from east to west and from 
north to south; often there is little or no concordance of character variations, so 
that most characters have slightly different variational clines. 

When one examines only a few specimens that exhibit the extremes of color 
and size that exist between specimens from the north and the south, he may be 
inclined to consider the smaller, darker, northern morphs as belonging to a 
different race or species than the larger, paler, southern forms. However, long 
series show that throughout the Canadian zone there is a mosaic of intermediate 
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Fig. 24. Color patterns of eight morphs of T. frontalis Wk. 


forms; moreover, there is no evidence of restriction in the gene flow between any 
of the numerous demes. So far as I can ascertain, there is no justification for 
considering any of the various morphs of the T. frontalis complex anything but 
different phenotypes of .a single, large, panmictic population. Tabanus frontalis 
Walker and incisus Wlk. (Nova Scotia), septentrionalis Loew and labradorensis 
(Enderlein) (Labrador) and canadensis Curr. (Manitoba) are evidently different 
names attached to different variants of a single interbreeding population. 


To prove or disprove this conclusion, a cytological study would be desir- 
able. In many other groups, such as the Simuliidae and the Drosophilidae for 
example, chromosome analyses have demonstrated that certain variable “species” 
showing much the same characteristics as T. frontalis, i.e., wide distribution 
coupled with discernible, though slight, morphological variation, are composites 
of biologically different (sibling) species. Also, such studies have helped to 
prove that other variable forms are members of single, interbreeding populations. 
A similar cytological analysis may throw new light on T. frontalis and its 
relatives. 


Tabanus (Hybomitra) pediontis, new species 
Description 
Robust (Fig. 2); body length usually 15-16 mm. Predominantly greyish- 
pollinose species with pale-yellow pubescence. Head (Fig. 8) broad. Com- 
pound eye bright green with three narrow purplish bands; central band often 
extremely narrow. Antenna mostly black; third segment relatively broad, and 
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Fig. 25. Frequencies of expression of “black” in three areas of the body (A, B, and C, 
Fig. 24) of T. frontalis W\k. in various Canadian localities arranged from west to east. 


rather strongly angulated dorsobasally. Palpi large, pallid, with mostly white 
hairs and a few black ones. Frons relatively long and narrow; sides distinctly 
converging below. Abdomen (Fig. 2) broad, sides of anterior two to four 
tergites usually orange-red; abdomen with a middorsal row of large, pale tri- 
angles reaching from the anterior to the posterior margin of each tergum; each 
side with a row of oblique yellowish crescents, and, on each side of middorsal 
triangles with a row of black, diverging, crescentic dashes. Wing (Fig. 2) clear 
with brownish veins; anterior branch of third vein almost always with a stump 
vein. 

Female (Fig. 2), length, from subcallus to end of abdomen, 13.5-18.0 mm. 
Head (Fig. 8) relatively broad, 4.5-6.0 mm. wide. Compound eye conspicuously 
pubescent; in freshly caught specimens, emerald green with three narrow, purple 
bands; middle band narrowest, often reduced to a mere line. Frons yellowish- 
grey, pollinose; rather strongly haired with yellow, wool-like hair sparsely inter- 
spersed with stiff black hairs; about four times as high as median width; sides 
straight, but distinctly converging to base of frontal callus, where it is about 
four-fifths as wide as at ocellar tubercle. Frontal callus shining black, scarcely 
wider than high; corners narrowly rounded; each side separated from eye margin 
by a linear strip of yellowish-grey pollen. Median callus black and rugose; long 
and narrow; lens- -shaped; broadest at lower third; broadly separated from frontal 
callus. Ocellar tubercle prominent; often bereft of pollen, at least laterally. 
Vertex concave; with long yellowish hairs in middle and a loose cluster of stiff 
black hairs on each side. 

Third antennal segment (Fig. 8) mostly black, sometimes entirely so; often 
with a small reddish area at lower base, the size of this area somewhat variable; 
with a rounded dorsal tooth; concave immediately distad of this tooth, then 
becoming convex; lower margin strongly rounded. First segment densely 
yellowish-grey pollinose; with numerous longish yellow hairs below and short 
depressed ones above; a few short black hairs on outer side near dorsoapical 
margin. Second segment reddish. Palpus robust; second segment pale yellow- 
ish-white, somewhat swollen basally but tapering gradually to a long; rounded 
apex; hairs mostly fine, silky white but a few stiffer and black; first segment 
pearl-grey with long } yellow hairs, usually without black hairs. 

Thorax (Fig. 2) greyish-black with a yellowish bloom; when viewed from 
above with naked eye, with five yellow ish-grey vittae. Prealar lobe pale, 
brownish- or orange- “red. Mesopleuron dull- -grey pollinose; often extensively 
reddish above and posteriorly. 
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Fig. 26. Relative abundances of morphs 1-8, respectively, of T. frontalis Wk. in various 
Canadian localities arranged from west to east. The first (left) bar of each series represents 
the percentage of morph 1 in that locality, second bar of each series represents that of 
morph 2, etc. 


Abdomen (Fig. 2) with salmon-orange tint over most of venter and broadly 
on sides of at least tergites 1-3, sometimes also on tergites 4-5. Entire length of 
abdomen beautifully patterned as follows: a middorsal row of large, golden- 
yellow triangles, each of which covers the full length of a tergum; on each side 
of these a submedian row of diverging black dashes; laterad of the black dashes 
a row of oblique golden-yellow markings underlain anteriorly by grey -pollinose 
spots; lateral abdominal margins blackish to the naked eye. E ighth sternite (Fig. 
20) rather strongly attenuated apically; hairs long and silky, almost always 
— whitish. Terga 8-10 and cerci as in Figs. 13, 16. 

Legs dull- ~grey rish pollinose, the hairs mostly yellowish; front tibia whitish 
on basal two-thirds; mid and hind tibiae entirely whitish, somewhat darkened 
apically. Fringe of hind tibia predominantly white except at apical one-third. 

Wing (Fig. 2) entirely hyaline, even in costal cell; more shining than in 
frontalis, with no traces of fumose spots; veins brownish. Anterior branch of 
third vein almost invariably with a fairly strong stump vein. 

Male: Smaller, darker and more slender than the female. 

Eyes contiguous, densely hirsute; pubescence silky white and slightly longer 
on the average than diameter of base of antennal flagellum. Ommatidia in 
middle of upper half of eye almost twice as large as those of lower half; line of 
division between the areas of large and small facets relatively narrow and sharp; 
ground color green, with two very narrow purple stripes below and a faint, 
narrower, third stripe above. Ocellar tubercle rather small but raised and plainly 
visible above upper eye level; reddish-brown with greyish pollen. Frontal tri- 
angle and subcallus yellowish-grey, hairless. Parafacials greyish with about 
equal numbers of longish black and whitish hairs. Antenna as in female. Last 
palpal segment about one and four-fifths as long as wide; with numerous long 
white hairs and fewer black ones. 

Abdomen rather slender; sides often more extensively reddish than in female, 
the red darker and extending broadly onto the fourth tergite; middorsal dark 
interval reduced to a rather narrow stripe; middorsal triangles much smaller than 
in female, most evident on terga 4-6, and then apparent only as small points of 
golden hairs; submedian row of diverging black dashes frequently obliterated by 
reddish ground color, but this area with a narrow, w eakly defined line of rather 
scattered, appressed, black hairs; sublateral oblique dashes of golden- yellow hairs 
visible only from particular angles. 

Genitalia (Figs. 21, 22) often exposed. 
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Holotype: 2°, Whitewater Lake, nr. Whitewater, Man., 30.VII.1958, R. B. 
Madge, C.N.C. No. 7352. 
Allotype: , Welling, Alta., 20.VII.1958, J. A. Shemanchuck. 


Paratypes: Manitopa: 302 9, Whitewater Lake, nr, Whitewater, 
3.VII1.1921, P. N. Vroom and N. Criddle; 319 2, same locality, 22.VI.- 
30. VII.1958, R. L. Hurley, R. B. Madge, J. F. McAlpine and C. D. F. Miller; 
2¢ 9, Baldur, 11.VII.1925, 15.VII.1921, N. Criddle; 1 ¢ , Lake Francis, 30. VI.1958. 
Heliothermal trap; 2? ¢, Harperville, 10.VII.1958. SaskaTCHEWAN: 292 9, 
Assiniboia, 20.V1.1955, A. R. Brooks; 19, Floral, 29.V1.1923, A. E. Cameron; 
12, Kenosee Lake, 30.VI.1938; 12, Kincaid, 5.VIII.1955, C. D. F. Miller; 1¢ 
Limerick, 5.VIII.1955, C. D. F. Miller; 19, Maple Creek, 12.VII.07; 1 2, Moose- 
jaw, June 1911, W. E. Cameron; 1 2, Mossbank, 23.VI.1955, A. R. Brooks; 1°, 
Roche Percé, 4-8.VII.1927, E. and S. Criddle; 19, Rock Glen, 31.VII.1955, 
C. D. F. Miller; 7 @ ¢, Willow Bunch, 27-29.VII.1955, A. R. Brooks and C, D. F. 
Miller. Atperta: 19, Aden, 10.VIII.1956, E. E. Sterns; Brooks, 189 ¢, 
4-24.VI1.1924, 1925, 1930, H. E. Gray; 19, 8.VI.1923, W. Carter; 19, 
10.VII.1959, J. A. Shemanchuck; 1 ¢, Coaldale, 19.VII.1959, J. Shemanchuck; 
36 $, Countess, 25.VII.1927, H. E. Gray; 22 9, Hayes, 11.VII.1956, E. E. 
Sterns; Lethbridge, 3 6 4, 8.VI.1926, 4.V 11.1925, 10.VII.1922, H. L. Seamans; 
34 4, 21.VI, 4.VII.1926, H. E. Gray; 12, 20.V1.1952, L. A. ‘Konotopetz; 19, 
4.VI11.1913, E. H. Strickland; 1 @, 10.VII.1958, J. Shemanchuck; 1 ¢ , 20. VII.1959, 
J. Weintraub; 22 ¢, 24.VII.1915, H. Hadwen; 12, Oldman River, nr. Leth- 
— 22.V1.1956, E. E. Sterns; 1 ¢, Manyberries, 21.V1.1952, L. A. Konotopetz; 

, Park Lake, 28.VI1I.1958, J. A. Shemanchuck; 1 9, Pearce, 16.VI.1949, M. R. 
MeKay, 19, Rolling ag ay 1957, J. A. Shemanchuck; 32 9, Scandia, 
25.V11.1927, H. E. Gray; , Stirling, 19.V1I.1958, J. A. Shemanchuck: 1é, 
499, Taber, 6-19.VI. fie. 7 A. Shemanchuck; 19, Tilley, 11.V1I.1923, W. 
Carter; Welling, 19, 23.V1I.1958, 346 6, 189 2, 30.VI.1958, 14, 11.VII.1958, 
14, 16.VI1I.1959, 19, 18.VII.1958, 19, 19.VII.1959, 14, 20.VII.1958, 19, 
20.VII.1959, 24 6, 26.VIL1959, 19, 28.VII.1958, J. A. Shemanchuck; 2¢ ¢, 
Wild Horse, 10.VIII.1927, H. L. Seamans. Montana: 32 9, Malta, 26.VI., 
10.VII., 11.VIIL1927, C. B. Philip; 19, Powderville, 15.V1I.1926. Nortn 
Dakota: 12, Ramsey Co., 1957, 22 ¢, Mountr’ll Co., 12.VII.1957, P. Bergen, 
19, Tappen, 23.VII.1932, R. H. Beamer; 1 ¢ , Tokio, 28.VII.1937, R. H. Beamer; 
19, N. Dakota, J. M. Stanley. Sourn Dakora:, 1 9, Gettysburg, 12.VIII.1924; 
19, Henry, 15.VII.1946, H. C. Severin. Wyomine: 292 9, Casper, 8.V1.1924, 
8.VI.1927, H. L. Sweetman; 19, nr. Lander, 6-7000’, 1904, R. H. Moodie; 1 9 
Gillette, 18.VII.1957, A. and H. Dietrich; 3? 9, Green River, Sweetwater Co., 
21.V1., 7.VIL, 8.VII.1950, C. E. Hope; 22? 2, Greybull, 3.VI.1954, G. R. 
DeFoliars, 29 2, Lingle, 22.VII.1932, R. E. Pfadt. Uran: 19, Manilla, 
23. VI1I.1960, Knowlton. 


Discussion 
T. pediontis is closely related to T. frontalis but differs from typical spec- 
imens of that species as follows: 


Females are usually larger, paler and more densely pollinose. In most cases 
the head (Fig. 8) is w ider and the frons is higher; the compound eye is always 
more extensively green and has a much narrower central eye band. The abdomen 
(Fig. 2) is broader with larger more oblique lateral pollinose spots and broader 
median pubescent triangles. Almost invariably there is a strong stump vein at 
the base of the anterior branch of the third vein (Fig. 2). The eighth sternite 
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Fig. 27. Geographical distributions of morphs 1-8 of T. frontalis Wk. 
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(Fig. 20) is longer in relation to its width and it bears mostly silky white hairs 
instead of mostly stiff black ones. 

In the field, adult females of pediontis can be distinguished from those of 
frontalis by their louder hum, their larger size, and their brighter green eyes. In 
the museum a large proportion of dried specimens become “greased” after mount- 
ing; this seldom occurs in specimens of frontalis. 

Tabanus pediontis inhabits the Prairie and Foothill Grassland region 
(= Western Transition zone of the Austral region) (Fig. 6). Adults have been 
taken in the vicinity of large, permanent, alkaline sloughs and marshes and it is 
presumed that the immature stages are passed in the soil around the margins of 
such habitats. Ordinarily, according to Bird (1961, pp- 18, 19), these sloughs do 
not have a marginal growth of willows but are surrounded by prairie; they do not 
have a marshy or black muck border, or contain any sedges except Scirpus 
maritimus and pungens; when the water level is low their shore-lines are heavily 
encrusted with white salts and are usually bare of vegetation except for a few 
halophytic plants. Whitewater Lake, in southwestern Manitoba, with a pH of 
from 6.8-8.5 mm., is typical of such sloughs and is one of the few localities in 
Manitoba where T. pediontis occurs. Shemanchuck (1960, in litt.) has reared 
both males and females from larvae obtained around the margins of similar 
sloughs in the vicinity of Welling, Alberta. 

Fresh water sloughs, surrounded by willows and aspens, sometimes occur 
close to strongly alkaline sloughs and “provide suitable habitats for frontalis. 
Consequently both species fly together in some localities and in a few instances 
there is evidence of limited hy bridization between them (See discussion under 
“Evidence of Interspecific Hy bridization” below). The existence of inter- 
mediates sometimes complicates the task of satisfactorily separating the two 
species. 

Some specimens of pediontis are easily mistaken for large, pale variants of 
frontalis. Their general habitus is rather similar to that of frontalis from the 
same geographical area and the ranges of variability of individual characters in 
the two species overlap considerably. Often a combination of several char- 
acters, rather than any single character, must be used to separate particular 
specimens. 

Because of the close relationships between T. pediontis and T. frontalis con- 
siderable difficulty was experienced in arriving at the conclusion they are dif- 
ferent species. For this reason it is desirable to review the analyses performed, 
the methods used, and the reasoning followed to reach this conclusion. 

Fairly large series containing both forms (T. pediontis and T. frontalis) were 
available from Whitewater Lake, Manitoba, and from Welling, Alberta. I first 
assumed that the larger specimens (mostly pediontis) were | or pam extreme 
variants of frontalis, and that all the characters probably graded smoothly into 
each other. 

To test this idea all specimens of each sample were pooled as if they all 
belonged to the same species. Five characters, i.e., body length, frontal length, 
maximum frontal width, head width, and eye height were measured on every 
specimen in each of the two samples. These measurements were then grouped 
and plotted as bar graphs (Fig. 29). In all cases the resultant frequency curves 
for these characters proved to be either bimodal or trimodal. When compared 
with the unimodal curves produced by plotting similar data from allopatric 
populations of frontalis (Fig. 28) these curves provided convincing evidence that 
the samples from Whitewater Lake and Welling contain representatives of at 
least two biological entities. 
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Fig. 28. Frequency curves of body length, frontal length, maximum frontal width, eye 
height and head width, respectively, of samples of T. frontalis Wik. from four Canadian 
localities. All linear measurements (abscissae) are shown as millimeters and multiples (see 
factors in brackets following character headings) thereof. Figures in brackets following 
locality names indicate numbers of specimens in the samples. 
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detailed analysis of the specimens showed that most of them could be 
segregated into two categories on the basis of a different set of characters; i.e., 
eye banding, wing venation, size and general appearance. A few specimens 
(about seven per cent) were so intermediate on the basis of these characters that 
it was impossible to confidently place them in either category. These were 
designated intermediates and treated separately. 

“On the basis of this provisional classification, the data on measured characters 
of the two categories and the intermediates were plotted independently (Fig. 30). 
In most cases the frequency curves for individual characters of each category 
are more or less unimodal but different for each category. Obviously, the two 
independent sets of characters are complementary; they not only prove the 
existence of two forms but also enable one to distinguish and circumscribe these 
components. 

The specimens classified as intermediates on the basis of general appearance, 
etc., fall within the area of overlap between the two components. (See bars, 
Fig. 30). Thus the graphs show that these specimens are intermediate in respect 
to the measured characters as well. 

While it is true that the frequency curve for each character is different for 
each component there is considerable ov erlap i in the size ranges of all five char- 
acters analysed; the upper limits of the size range of each character in frontalis 
overlaps the lower limits of the size range of the same character in pediontis. 
The single measured character that, by itself, is the most useful to separate the 
two taxa, i.e., the character that has the least amount of overlap between them, 
is frontal length. Eye height, head width, body length and maximum frontal 
width follow in that order. 

The characters studied are smaller in both components in the Welling sample 
than in the Whitewater Lake sample. However, the deviations from normality, 
or skewness, and the general patterns of the curves are similar in both samples 
indicating that these differences are normal variations that occur in local popula- 
tions of both taxa. 

The differences and similarities between the two components, and between 
the intermediates and both components, in respect to combined characters is 
best illustrated by scatter diagrams (Fig. 31). In addition to demonstrating again 
that the samples from Whitewater Lake and W elling each contains a similar mix- 
ture of two biological components, these diagrams also show that the same char- 
acters vary differently within each component. Although they vary in the same 
general direction, the line of best fit (regression lines) for each pair ‘of characters 
is slightly different for each component. Evidently there is a shift in the norms 
of variation between the two entities. For example, the line of best fit for 
maximum frontal width to frontal length for pediontis (Fig. 31, second row of 
scatter diagrams) would fall below and to the right of that of frontalis; further- 
more, the slope of the former would be slightly less perpendicular than that of the 
latter. This is interpreted to mean that the frontal length has a different relation 
to frontal width in pediontis than it has in frontalis. Similar relationships obtain 
for the other characters plotted. 

These diagrams also show that there is less overlapping of characters of the 
two taxa when the characters are considered in combination than when they are 
considered singly. Thus, the two taxa are more readily distinguished if several 
characters are considered together. What is more important, the two taxa 
distinguished by these pairs of characters are identical with the two components 
distinguished by means of eye banding, wing venation, body size and general 
appearance. 
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Finally, the diagrams show that most of the intermediates occupy a position 
between the norms of variation of the two species (These are dealt with in detail 
under “Evidence of Hybridization” below). 

The foregoing discussion shows that these samples contain two biological 
components which are taxonomically different. We know, too, that the two 
morphologically different forms occur sympatrically (Figs. 4, 6) and it is highly 
probable that they are at least partially reproductively isolated. Finally, they 
probably have different habitat preferences. Interpretation of these facts are 
made difficult by our poor knowledge of the breeding habits, the overlapping 
variation between the two forms, and the presence of intermediates. 

Three alternatives exist: The two components represent either different 
species or different subspecies, or they are simply ecophenotypic variants of a 
single species. 

It is unlikely that all differences between the two forms, such as general 
appearance, size, ‘body length, eye banding, wing venation, frontal height, ‘frontal 
width, eye height, head width, shape of the eighth sternum, sound in flight, and 
greasing ‘of dead specimens, are attributable to the fact that one form (pediontis) 
probably passes its immature stages around the edge of strongly alkaline sloughs 
and the other (frontalis) lives close by under weakly alkaline to acid conditions. 
A few specimens of both forms were reared from immatures taken from the same 
habitat at Welling, Alberta, prov iding rather conclusive evidence that the dif- 
ferences between them are not due entirely to extrinsic factors. This, plus the 
fact that similar combinations of morphological characters in each form have 
different patterns of variation, supports the conclusion that the dissimilarities 
between the two forms result from intrinsic genetic differences. 

Two facts preclude calling these components subspecies. Firstly, they are 
largely sympatric; secondly, the low frequency of intermediates is evidence that 
they do not completely intergrade when and where there is opportunity to do so. 


Evidently the two forms must represent two closely related, but nevertheless 
distinct, species, i.e., T. frontalis Wik. and T. pediontis, new species. 


Tabanus (Hybomitra) opacus Coquillett 

Tabanus opacus Coquillett, 1904, pp. 21-22. 

Diagnosis 

Female (Fig. 3), rather short and broad; length 12-15 mm. Body with a 
distinct whitish-grey bloom; hairs mostly w hitish, without yellowish tinge char- 
acteristic of frontalis and pediontis. Abdomen with three rows of pale spots; 
sublateral spots oblique, often somewhat pinkish. Prealar lobes pale. 

Head (Fig. 9) moderately broad. Eye with short pile; purple with three 
distinct, fairly wide, green bands and an indistinct band above and below them. 
Frons short and broad; conspicuously widened above. Basal callus shining 
brown to black; very strongly convex; usually broader than high; touching the 
eyes; rounded above; contiguous with a small, V -shaped, bare area in middle of 
upper margin of subcallus. Median callus brown to black; variable in size; often 
rugulose; usually narrowly joined to basal callus. Palpus creamy-white; second 
segment stout basally; ; with mostly white, and a few scattered black hairs. First 
two antennal segments yellowish- brown, often somewhat pinkish; dorsal angle of 
third segment not very prominent. 

Mesonotum (Fig. 3) blackish with whitish-grey pollen; with five fairly broad 
grey lines. Pleura, sterna and coxae grey with mostly white hair. Prealar lobe 
yellowish- to pinkish-brown. Femora dark with grey pollen; tibiae yellowish- 
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Fig. 29. Frequency curves of body length, frontal length maximum frontal width, eye 
height and head width, respectively, of two samples containing both T. frontalis Wk. and 
T. pediontis n.sp. All linear measurements (abscissae) are shown as millimeters and multiples 
(see factors in brackets following character headings) thereof. Figures in brackets following 
locality names indicate numbers of specimens in the samples. 


brown, the apical half of fore tibia darkened; hind tibial fringe black. Wing 
(Fig. 3) hyaline; anterior branch of third vein without an appendage. 

Abdomen (Fig. 3) greyish-black; with a median row of rather narrow, 
contiguous, greyish triangles; on each side with row of strongly oblique, 
yellowish to pinkish- -brown spots, each spot narrower anteriorly and extending 
to the hind margins on the intermediate tergites. Venter predominantly yellow- 
ish-brown, often somewhat salmon-pinkish. 

Eighth sternum similar to that shown in Fig. 18. 

Male, eye with dense, fairly long pile; large and small facets conspicuously 
differentiated. Frontal triangle with thin grey pollen. Second palpal segment 
creamy-white; less than twice as long as wide; hairs mostly white; apex blunt. 
Colour of body throughout agreeing with female. 

Genitalia similar to those of T. frontalis (Fig. 23). 


Discussion 

Tabanus opacus Coquillett occurs most commonly in the Western Forest 
region (except the Coastal Forest); it also occurs sparingly i in the Aspen Parkland 
(Fig. 5). Several specimens from several localities in northern Michigan agree 
with examples of this species from the Aspen Parkland and I have provisionally 
identified them as of this species (shown with question marks in Fig. 5). 

In comparison with other related tabanids, T. opacus is rather easily dis- 
tinguished. The fact that it has no synonyms indicates that it is fairly ‘easily 
recognized, It can always be distinguished from T. pediontis by its much 
smaller size, its shorter frons, its distinctive, strongly convex, basal callus, its 
broader eye-bands and the absence of a stump vein on the anterior branch of the 
third vein. 

The characters that are most useful for distinguishing it from T. frontalis 
are: a shorter, broader, more strongly wedge-shaped frons; a very strongly convex 
basal callus (gently convex in frontalis); a small, V -shaped, bare area on the 
middle of the upper margin of the subcallus (absent in frontalis); a general 
whitish-grey bloom on the body (yellowish-grey in frontalis); and the more 
jagged appearances of the row of sublateral abdominal spots. Throughout most 
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Fig. 30. Frequency curves of body length, frontal length, maximum frontal width, eye 
height and head width, respectively, ‘of samples of T. frontalis Wik. (heavy lines), ye 
pediontis n.sp. (fine lines) and “intermediates” (vertical bars) from two localities where 
both species fly together. All specimens in these samples are the same ones referred to in 
Fig. 29. Sample from Whitewater Lake, Man., contains 94 specimens of frontalis, 62 of 
pediontis and 10 “intermediates”; sample from Welling, Alta. contains 30 frontalis, 32 pedion- 
tis and five “intermediates”. All measurements as in Fig. 29. 


of its range these differences are consistent and dependable. In a few localities 
in the interior of British Columbia and in western Alberta, however, they appear 
to break down and apparent intergradation occurs between T. opacus and T. 
frontalis. Taxonomically intermediate specimens from these localities may 
indicate that the two species hybridize under certain local conditions (See dis- 
cussion under “Evidence of Interspecific Hybridizatiqn” below). 


Evidence of Interspecific Hybridization 

Tabanus frontalis and T. pediontis have been taken together in 15 localities 
in Manitoba, Saskatchewan and Alberta, according to material in the Canadian 
National Collection. A few intermediate specimens occur in four of the 15 
samples; at Whitewater Lake, Man., there are 10 intermediates in a sample con- 
taining 94 specimens of frontalis and 62 of pediontis, and at Welling, Alta., there 
are five intermediates in a sample containing 30 specimens of frontalis and 32 of 
pediontis. Thus, in two samples, the largest available from localities at which 
both species occur together, about six and seven percent, respectively, of the 
specimens show intergradient qualities. 

As indicated above (p. 27), these specimens were first provisionally classified 
as intermediates by subjective means. This was done on the basis of the follow- 
ing combination of characters: eye banding, wing venation, size, color, and 
general appearance. Five other characters, 1.e., body length, head width, eye 
height, frontal length and maximum frontal width, were measured. Most 
measurements for these characters fall within the area of overlap of frequency 
curves for the same characters in frontalis and pediontis (see bars in Fig. 30). 
Similarly, on scattered diagrams the coordinates usually fall in or near the hiatus 
about midway between the clusters of coordinates for the same characters in 
frontalis and pediontis (see encircled dots in Fig. 31). 

These graphs objectively show that the measurements for these characters 
in the intermediates are intermediate between those for the same characters in 
frontalis and pediontis. Individually and in combination this latter set of meas- 
ured characters complements the former (subjective) set in showing that the 
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intermediates are truly intermediate morphologically. The scatter diagrams 
(Fig. 31) also show that the coordinates for pairs of measured characters of the 
intermediates sometimes fall outside the boundaries of ellipses that express the 
maximum variations observed for these characters in frontalis and pediontis. 
While concentrating around a mode that is intermediate between those for 
frontalis and pediontis they thereby frequently occupy positions outside the 
range of variability of either species. 

Three possible explanations of the significance of the intermediates are as 
follows: (a) they represent a third species near to, but distinct from, frontalis and 
pediontis, or (b) they are simply specimens of one or other species that cannot 
be distinguished by external morphology, or (c) they are hybrids between 
frontalis and pediontis. 

The fact that all known intermediates were taken only in localities where 
frontalis and pediontis fly together strongly suggests that they do not represent 
an independent gene complex. If a third closely related species were involved 
one would expect to find examples of it in at least a few places in the absence 
of either one of or both frontalis and pediontis. 

The second explanation also seems inadequate. Some, at least, can be dis- 
tinguished from both frontalis and pediontis because they fall outside the 
boundaries of ellipses which delimit the variation of these species. This would 
seem to indicate that they do not belong to either species but, rather, they 
combine the characters of both species in such a w ay that modal values for these 
characters are intermediate between those for frontalis and pediontis. 

This leaves us with the possibility that the intermediates are hybrids. 
Anderson (1949) has provided a sound basis for detecting and discussing hy brid- 
ization. According to him (loc. cit., p- 23) “The first hybrid generation (F;) 
is uniform, sometimes strikingly so, whereas the F, is extremely variable. Aside 
from differences due to the extreme vigor that tends to characterize such hybrids 
in the F,, it is morphologically intermediate between the two parents. On the 
other hand the second generation (F:) characteristically varies from individual 
to individual. In general, a large F. can be shown to pass from a few recombina- 
tions very similar to one of the parents to a great variety of intermediates — the 
majority of which are fairly similar to the F: — to a relatively few individuals 
very much like the other parent”. 

“If the F, is backcrossed to the two parentql species each of these backcross 
generations varies from individual to individual, though not so markedly as the 
F.. In such backcrosses usually a few individuals are almost indistinguishable 
from the recurrent parent (i.e., the one to which they have been backcrossed), 
and a large number are in various ways intermediate between this parent and 
the F,. A few will be rather similar to the F; itself. If any of these first back- 
crosses are again crossed back to the same parent the resulting progeny vary 
even less among themselves and are in general very similar to the recurrent 
parent. After a succession of five or six such backcrosses they usually become 
indistinguishable from the recurrent parent”. 

Certainly the intermediates in question are morphologically intermediate 
between the two supposed parents thereby fulfilling the fundamental criterion 
of hybridity. 


Fig. 31. Scatter diagrams showing ratios of body length, maximum frontal width, eye 
height and head width (ordinates) respectively, to frontal length (abscissae) in samples con- 
taining T. frontalis Wik., T. pediontis and “intermediates”. All specimens in these samples 
are the same ones referred to in Figs. 29 and 30. Measurements as in Fig. 29. 
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Anderson (loc. cit.) states, in effect, that because of the existence of genetic 
linkage and its very great effect upon recombination in hybrids, the intermediacy 
of different characters tends to be correlated (though not absolute) in the vast 
majority of populations in which hybridization is occurring. In other words, 
hybrids intermediate in one character will tend to be intermediate in other 
characters. Figs. 30 and 31 show that this is true in the case of the intermediates 
from Whitewater Lake and Welling. 

Clearly, all the evidence that is available strongly indicates these inter- 
mediates are frontalis and pediontis hybrids. It would be very helpful if this 
evidence could be supplemented by experimental data obtained from repetition 
of suspected crosses, progeny tests, cytological examination of the species and 
the hybrids, and transplant experiments. 

The probable existence of hybrids raises some interesting questions as to 
how the breakdown in isolating factors between frontalis and pediontis has come 
about, and what effect it is having upon the participating species. 

With regard to the first question, Anderson (loc. cit., p. 13) made the 
generalization that hybridization in species is usually associated with man-made 
or other unnatural changes i in the environment. He stated that “It is only where 
man or catastrophic natural forces have ‘hy bridized the habitats’ that any ap- 
preciable number of (hybrid) segregates survive”. 

As pointed out above, pediontis is known to occur only on the prairie and 
in the foothills in close proximity to permanent, relatively strongly alkaline 
marshes and sloughs. In Manitoba it occurs at Whitew ater Lake which Bird 
(loc. cit., p. 19) considers to be a typical, large, shallow, alkaline marsh; it has 
a pH of 6.5 — 8.5. Frontalis, on the other hand, is most common in forest and 
parkland where they breed in fresh water marshes and bogs. Bird (loc. cit., 
maps 1, 2) has shown that, with the advent of the white man on the prairies, 
there has been a pronounced advancement of the aspen parkland onto what was 
formerly grassland. In 1905, Whitewater Lake was surrounded for miles by 
open prairie; now it is almost completely surrounded by aspen parkland. Where- 
as the two species were formerly isolated from each other in this locality, the 
merging or hybridization of the habitats now permits them to occur together. 
Since they apparently have not attained complete sexual and genetic isolation, 
and since the adults of both species fly together, they are able to interbreed and 
produce hybrids in this area. Similar factors may account for the presence of 
hybrids in other localities. 

It is difficult to evaluate the effects of hybridization on these species. A 
few characteristics of the adult females of frontalis from southern Manitoba seem 
to reflect the effects of introgression. For example, specimens of frontalis from 
there are larger than in the samples of the same species from farther north (com- 
pare graphs for samples from Churchill and southern Manitoba, Fig. 28); also, a 
higher percentage of southern specimens have a stump vein on the anterior 
branch of R4 (Table II). But until controlled experiments, particularly artificial 
backcrosses of hybrids to each parent, have been carried out, it will be difficult 
to accurately measure the effects of introgression on the participating species. 
Without objective experimental data there does not seem to be any way of 
judging precisely how much undetected hybridization there might be in sup- 
posedly purebred populations of the parental species. The impact of intro- 
gression may not be apparent to casual inspection of museum specimens, and 
even if it were apparent, it would be impossible to measure it without having 
recourse to experimental data. Anderson (loc. cit., p. 99) states that “The 
greater the morphological hiatus between the two hybridizing entities, the more 
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difficult does it become to predict the impact of such a recombination or to 
interpret it after it has been observed”. 

Thus, it is possible, even probable, that certain specimens herein classified 
as of either frontalis or pediontis are in reality backcrosses which very closely 
resemble one or other of the recurrent parents. In other words, it is possible 
that introgression is occurring at low frequency. If one were searching for an 
example of introgressive hybridization among the Tabanidae the case ‘of these 
two species should be considered as a likely prospect. 

The net effect of limited introgression such as may exist between frontalis 
and pediontis is probably an increase in the evolutionary potentialities of one or 
of both species. Since they have already attained distinctness at the specific 
level, they will probably continue to maintain themselves as independent gene 
complexes as long as the two environments remain distinct. 

A similar problem involving T. frontalis and T. opacus Coquillett exists in a 
few localities in British Columbia and Alberta. Collections composed mainly of 
typical representatives of both species from Aspen Grove, Chilkat Pass, Glacier, 
Kamloops area, Keremeos, and Osoyoos, British Columbia and from Nordegg 
and Spruce Grove, Alberta, contain small numbers of atypical specimens which 
are intermediate between these two species. 

There is insufficient material available from any of these localities to permit 
an objective analysis of characters as in frontalis and pediontis. Subjectively, 
however, the frontalis- -opacus intermediates are somewhat larger than either of 
the (presumed ) parent species, but in other characters such as color and pattern 
of the abdomen, size and convexity of the frontal callosity, size and shape of the 
frons and palpi and the shape and color of the antennae, they appear to be 
completely intermediate. 

Throughout the greatest part of their ranges, (Figs. 4, 5) opacus and frontalis 
behave as two good species and they are fairly easily distinguished on the basis 
of differences in the characters mentioned above (compare Figs. 1 and 3, 7 and 
9). Although they are largely sympatric there is no indication in the material 
examined that they intergrade i in any other localities except those mentioned. 

The relative scarcity of intermediates from the areas in which they ap- 
parently interbreed indicates that there is a limited number of cross matings or 
that, if they do mate, such matings are largely fruitless in terms of variable off- 
spring. All these factors together suggest frontalis and opacus are distinct 
species, that, under certain local conditions where they coexist, can and do 
interbreed and produce a few hybrids. 

It should be emphasized that the evidence for hybridization submitted here 
would be far more fruitful if it could be combined with experimental repetition 
of suspected crosses and progeny tests. This certainly is desirable, but, so far, 
rearing techniques for tabanids have not been very satisfactory and it may be a 
long time before such experiments can be carried out. In the meantime, the 
demonstration that these species probably hybridize in nature is of some general 
significance; it may help to arrive at a better understanding of variation in other 
tabanid species. 


Evolution 


By combining the morphological, biological and ecological relationships be- 
tween frontalis, pediontis and opacus with geographic distribution a simple 
sequence of events leading to their development can be deduced. If we assume 
that the frontalis complex had a common ancestry it follows that the population 
which gave rise to the extant species became divided into a far-western popula- 
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tion, the parent of opacus, and a northern population, the parent of frontalis. A 
third population, the progenitor of pediontis, probably evolved in the Great 
Central Plains and became adapted to grassland-foothills regions. T. opacus has 
become adapted to the mesophytic conditions characteristic of much of the 
Western Forest region and appears to be a rather stable species. 


The frontalis stock must have become adapted to the wet conditions of the 
Northern Forest region. The extremely variable nature of extant frontalis and 
its Ww idespread distribution bears witness to its great plasticity and adaptability, 
it remains the most actively evolving branch of the triad. It would appear that 
sometime in the past, probably during the Pleistocene, this northern population 
became divided into two or more isolated populations. These populations prob- 
ably behaved as allopatric subspecies for a considerable period and each evolved 
along somewhat different lines. One of the races must have become predomi- 
nantly smaller and darker than the other; no doubt it was similar to morphs 7 
and 8 of present-day frontalis. It seems likely that such a race was centered in 
unglaciated areas in Alaska, British Columbia and/or Eurasia during the Pleisto- 
cene. At the same time the other population probably occurred south of the 
Pleistocene ice-cap and either became or remained larger and paler, similar to 
morphs | and 2 occurring in the southern parts of the present range of frontalis. 


When the ice-cap receded at the close of the Pleistocene these populations 
were brought into contact again. As evidenced by the kaleidoscopic type of 
variation which bridges extreme northern and southern populations today, these 
two populations have now merged into one. 


The changes in climate, vegetation and cultural practices since the Pleistocene 
have also brought frontalis into contact with pediontis around the grasslands, and 
opacus in the western mesophytic forests. Although it seems likely that the two 
latter have become completely genetically isolated from each other, neither of 
them has entirely achieved this status in relation to frontalis; limited hybridization 
still occurs between each species and frontalis. Whether these latter species 
are now merging or moving in the direction of complete evolutionary inde- 
pendence remains to be determined. 

Regardless of the eventual outcome, this group presents an admirable op- 
portunity to observe, on the one hand, the results of mere trickles of genes 
across interspecific barriers (frontalis x pediontis; frontalis x opacus) and the 
results of a mass flow of genes in a very ‘widespread and variable species 
(frontalis). 

In the first case the hybridizing entities are good species in the taxonomic 
sense and only slightly contaminated in the biological sense; in the second case 
the extremes of the population probably were and may again become subspecies, 
but at the present time, there is every intermediate stage in the merging of the 
two extremes. 


One cannot fail to observe that the interbreeding population which makes 
up the frontalis complex resembles a “syngameon” as defined by Grant (1957, 
p. 67), i.e., a group of species or semispecies linked by frequent or occasional 
hybridization in nature. Botanists have found this term very suitable for de- 
signating certain complicated assemblages of hybridizing species that exist in 
sections of the willows, birches, columbines, Ceanothus and Gilia. It may have 
a wider application in certain sections of the Tabanidae than is generally realized. 
Within the frontalis “syngameon” there is strong evidence that interspecific 
hybridization is occurring today; there is a distinct possibility that occasionally 
such hybridization could have played an important role in the origin of species 
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in this and other related groups in the past. Mackerras (1957, p. 595) has in- 
timated this may be the case in a group of Scaptia species in New Zealand. 


Summary 

Variation in the Tabanus (Hybomitra) frontalis complex is described and 
analyzed with the aid of drawings maps, graphs and tables. Three species, 
including one new one, are recognized: frontalis Wlk., a widespread, extremely 
variable species (with five synonyms) ; opacus Coq., a primarily western mesophy- 
tic forest species; and pediontis, new species, which occurs on the prairies and 
adjoining foothills. Intra- and interspecific relationships are discussed and evi- 
dence of hybridization between frontalis and both of the other species is present- 
ed. Some speculations are made on the origins and dispersal of these three species 
and attention is drawn to similarities between their interspecific relationships 
and those that occur among members of certain plant syngameons. 
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Effects of Increasing the Nitrogen Level of Apple Leaves on 
Mite and Predator Populations’ 


F. T. Lorp anp D. K. R. Stewart 


Prior to 1950 the European red mite, Panonychus ulmi Koch, was a major 
pest in Nova Scotia apple orchards, and brown mite, Bryobia arborea M. and A.., 
was practically non-existent. Lord (1949), showed that the sulphur fungicides, 
commonly in use up to that time, were detrimental to some of the predacious 
species and toxic to the brown mite. After 1950 red mite populations became 
negligible and, although the brown mites increased, they did not become 
sufficiently abundant to cause economic damage. This shift of population 
balance in Nova Scotia orchards has been attributed to the gradual replacement 
of sulphur and other detrimental materials by pesticides less harmful to predators 
of the mites (Pickett 1953). 

Kuenen (1949) and Breukel and Post (1958) in Holland; Hamstead and 
Gould (1957) in the United States; and Hukusima (1958) in Japan, showed that 
an increase in phytophagous mites was correlated with an increase in the nitrogen 
level of apple foliage. As a result of their work they conclude that the density 
of mite populations is influenced by tree nutrition. 

The present work was undertaken to determine whether or not mite popula- 
tions were likely to be influenced by nitrogenous fertilizers in the presence of 
adequate predation. 


1Contribution No. 1049 from the Research Station, Canada Agriculture, Kentville, Nova Scotia. 
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TABLE | 
Percent nitrogen in the foliage with basic and basic plus supplementary 
applic ations of | eipagenens fertilizer (ammonium nitrate) 


Basic + supplementary 











Basic applications applications 
Year A fe 

Terminal | Older | Terminal | Older 
leaves clusters leaves clusters 

1957 1.98 | 2.16 2.08 | 2.29 
1958 1.98 2.17 2.30 2.50 

1959 2.15 ne 2.51 _ 

Methods 


The experiment was conducted from 1957 to 1959, inclusive. Two rows of 
McIntosh apple trees located on the south side of a ten-acre orchard were used. 
These were divided into ten plots of six trees each. All plots received a basic 
treatment of two pounds of ammonium nitrate per tree each year of the experi- 
ment. Five of the plots received an additional two pounds of ammonium nitrate 
per tree in 1957, three pounds per tree in 1958 and five pounds per tree in 1959. 
No other fertilizers were applied. 

During the investigation the only sprays used on the south half of the orchard 
and the ten experimental plots were Bordeaux prior to bloom, glyodin in the 
bloom period and Bordeaux in the cover sprays. 

Each year estimates of the mite populations were based on the numbers 
found on samples of older dark green leaves taken from both the inside and the 
outside of the trées. Fifty of these leaves were colleeted from each of the centre 
trees of each plot at approximately three-week intervals. The mites were brushed 
from the leaves by the procedure described by Henderson and McBurnie (1943), 
and counted immediately. 

Trees sampled for mite counts were utilized in obtaining estimates of pre- 
dator populations. These estimates which were made within a day or so of the 
mite counts, were obtained by tapping as described by Lord (1949). In 1957 
one tree, and in 1958 and 1959 five trees, from each series were tapped on each 
sampling date. In the first year of the experiment no tree was tapped twice. 
In the second and third years one of the two mite count trees in each plot was 
tapped at each sampling date. Thus it was approximately six weeks before any 
one tree was retapped. This six week interval was considered to minimize the 
danger of seriously altering the predator fauna. 

In 1957 and 1958 samples of 50 leaves (sixth leaf from the growing tip), 
taken at approximately three week intervals, as w ell as the leaves taken for mite 
counts were analysed for total nitrogen. Terminal leaves only were analysed in 
1959. In all cases total nitrogen was determined by the micro- Kjeldahl distillation 
method described by Hawk, Oser and Summerson (1957). 

Differences in nutrient levels in leaves and in mite and predator populations 
were evaluated statistically by means of the “t” test as described by Paterson 
(1938). 

Results 

The nitrogen status of the fertilizer in the plots is given in Table I. 

In each of the three years, leaves from trees receiving additional ammonium 
nitrate had a significantly higher content of total nitrogen than those from trees 
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receiving only the basic amount. It will also be noted that the older leaves taken 
for mite counts had a higher level of total nitrogen than the terminal leaves. 
However, at each collection date there was a significant correlation between 
nitrogen levels in terminal and older leaves from trees receiving the same treat- 
ments. In general, leaves containing less than 2.0 to 2.1% nitrogen are con- 
sidered to be deficient, while levels above 2.4°% are considered to be undesirably 
high. ; 
The mite and predator counts are given in Table 2. 


It will be noted that the numbers of P. ulmi remained very low despite the 
difference in leaf nitrogen content established by fertilizer treatment. Popula- 
tions of B. arborea and the eriophyids (probably Vasates schlechtendali Nal.) 
were considerably higher but there was no significant difference in the numbers 
present under high and low nitrogen fertilization. The same was true for 
populations of the predacious typhlodromid mites and various predacious insects 
(about nine species were moderately abundant and several others were present in 
smaller numbers). 


The predator population of this orchard is representative of many orchards in 
Nova Scotia where materials detrimental to natural enemies are kept to a min- 
imum. The results of the investigation, therefore, strongly suggest that in such 
orchards an outbreak of phytophagous mites is unlikely to result from increased 
applications of nitrogenous fertilizers. 
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X-ray Detection of Douglas-fir Beetles Reared in Slabs 


By Norman E. Jounson' ann H. Davin Mo tatore? 


An improved method of rearing the Douglas-fir beetle (Dendroctonus 
pseudotsugae Hopk.) was recently developed by using wax-coated slabs of 
Douglas-fir. To fully utilize this method, it was desirable to follow beetle 
development within the slabs without removing the bark. If this could be 
achieved it would open the door to many advances in research. Several radio- 
logical techniques were considered and the x- ray appeared well adapted. The 
slabs were small enough to be moved to the x-ray machine and to fit on standard- 
size x-ray film. Also, x- ray units are readily available in hospitals and medical 
centres. Accordingly, tests were made of x-ray techniques for detecting 
Douglas-fir beetles in infested slabs of Douglas-fir. 


Past Work 


As early as 1932, Fenton and Waite (1932) used x-rays to detect pink boll- 
worms in cotton seeds. Milner, et al. (1950) used x-ray to detect insects in 
stored grain. Holling (1958) employed “soft” x-ray to distinguish sawfly pre- 
pupae within cocoons. Mr. Hedlin® used a similar technique successfully in 
detection of seed chalcids in Douglas-fir seed, and also larvae of the Douglas-fir 
cone midge in its cocoon. He later found that “harder” x- rays passed through 
the low density objects without producing the desired image on the negative. 
Of pointed interest is the report by Fisher and Tasker (1940) on the use of x-ray 
on wood-boring insects in slabs. Using exposures of 14-40 kv at 30 ma they 
detected about 60 per cent of the larvae and adults in slabs 3/16 to 14% inches 
thick, and about 25 per cent in timbers 2 to 5 inches thick. We do not Ba of 
prior use of x-ray techniques to detect bark beetles; however, entomologists at 
the University of California plan future tests of various wave lengths and 
exposures of x-rays to detect bark beetles in ponderosa pine bark‘. 


Methods 


The x-ray machine used was a Diagnostic Keleket x-ray unit with a 
“Machlet Dynamex” x-ray tube having a rotating anode. This unit has a 300 
milli-amp (ma) and 110 kilovolt (kv) rating. The exposure used was 40 kv at 
50 ma for 0.2 seconds through a 2 mm. aluminum filter at 40-inch distance to 
object-target. The lowest kilovoltage obtainable on this machine was 30 kv, but 
the results were not as definitive as with 40 kv. X-rays of higher kilovoltage 
penetrated the beetles too rapidly thus failing to give a distinct image. An 8:1 
reciprocating parallel line Potter-Bucky diaphragm which shielded out extraneous 
radiation improved the quality of the pictures tremendously. The film used 
was 14 x 17 inch Eastman Kodak Blue brand film in a cassette with par-speed 
screens. This size film neatly accommodates two test slabs. 


The reliability of x-ray for detection of Douglas-fir beetle was tested on 17 
infested sample slabs of Doug] as fir. These slabs approximated 5-inch width, by 
10-inch length, and 2 inches thick — % inch bark, and the rest sapwood. The 
wood surface was paraffined to maintain the moisture content essential for brood 
development. After the x-ray film was developed, a transparent overlay was 
made of each slab as it appeared on the film. All distinguishable i images such as 

iForest Entomologist, Weyerhaeuser Company Forestry Research Center, Centralia, Washington. 

2Supervisor X-ray Department, Centralia General Hospital, Centralia, Washington. 

3Personal communication with Mr. A. F. Hedlin, Entomologist Forest Biology Laboratory, Canada 
Department of Agriculture, Victoria, B.C. June 29, 1960. 


4Personal communication with Professor R. W. Stark, Department of Entomology and Parasitology, 
University of California. June 20, 1960 
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Fig. 1. Rearing-slab of Douglas fir with bark side up, showing the cage filled with boring 
dust where the parent beetles entered the bark. 


galleries, exit holes and knots were traced in. All distinct images of insects 
visible on the x-ray were marked. Indistinct images presumed to be insects were 
marked with a question mark. The slabs were then taken apart by first removing 
the bark which easily separated from the wood. Then the bark was thoroughly 
dissected and the position and stage of development of each insect recorded. 
One of the sample rearing slabs used in the present test is illustrated in Fig. 1 


Results 


The outcome of x-ray tests on infested rearing slabs of Douglas fir is sum- 
marized in Table I. Altogether 17 x-ray negatives were examined for detection 
of different stages of Douglas-fir beetles. The parent adult beetles proved the 
most readily detected stage. The 111 called on the x-ray negative represented 
all but 2 of 113 beetles in the exact position found upon dissecting the slab. Of 
the two beetles overlooked, one was near a large, dense knot and the other next 
to another beetle. The callow adults, pupae and fourth-instar larvae were also 
successfully detected, except that dissection turned up some mistaken images on 
the negative in areas of high density. Immature larvae, that is, first to third 
instar, were not distinguishable with the same accuracy as other stages — many 
being missed completely. 


X-rays of fresh slabs revealed parent galleries, larval galleries, ventilation 
tunnels and exit tunnels. In older slabs in which the broods had matured, the 
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TABLE I 


Outcome of x-raying of slabs of Douglas fir to 
detect Douglas- fir beetle in a different senges 


Interpretation of insect-images 
on x-ray negative 











Not correct Correct calls 
Stage of a GOS! st are ~~ | Insects X-ray 
development | actually negatives 
of insect Mistaken | Overlooked | Recorded | Success | found | interpreted 
image | insect basis 
No. No. No. Pet. No. No. 
Parent adults 0 2 | 111 98 | 113 4 
Callow adults, pupae, 12 5 | 190 92 | 207 6 
mature larvae | 
Immature larvae 24 65 166 65 : Bs 7 
| 
“A é eet oi — rae 
All stages 36 72 | 467 81 575 17 


parent gallery was often obscured by the borings of the larvae. The stages of 
dev elopment of the insect are distinguishable by size, shape and position in the 
gallery. The larvae usually lie in a curved shape. Often the adult was char- 
acterized by a line across the body corresponding to the division between the 
prothorax and mesothorax. The pupae were not distinguished from callow 
adults. Parent adults were always in the egg galleries, whereas callow adults 
were scattered throughout the bark. 


Discussion 


The x-ray technique described here should prove useful in a variety of 
research on bark beetles. It is suitable for studying rates of construction of egg 
galleries and development of broods. It w ould alo prove useful in eliminating 
rearing slabs that were blank — that is, lacking in bark- beetle activity. This 
would assure more efficient use of experimental material. As techniques are 
developed to introduce parasites and predators into bark-beetle infested slabs, 
x-ray could be used to study their movements and development. The x-raying 
of bark samples can achieve tremendous savings over tedious dissection of bark 
samples in population studies. As would be éxpected, the ability to interpret 
x-rays correctly increases with experience. This was evident in the case of 
immature larvae, where many that had been overlooked on the x-ray later prov ed 
detectable. Many of the questioned points on the x-ray that proved mistaken, 
turned out to be pupal chambers stained with fungi, or dense pockets of pitch in 
the bark. With experience most of the questionable calls were eliminated. 


Summary 


By the use of a Diagnostic Keleket x-ray machine at a local hospital it was 
possible to detect the presence of various stages of the Douglas-fir beetle beneath 
the bark of infested test slabs of Douglas fir. The detection of insects by 
x-raying the slabs achieved an accuracy of 98°% for parent adults and their egg 
galleries; 92% for callow adults, pupae and mature larvae and 65% for immature 
larvae. It thus appears that x-ray negatives of the slabs can be interpreted 
reliably for the Douglas-fir bark beetle in all stages except immature larvae. This 
non-destructive technique should have considerable utility in studies of the 
development of bark beetles. 
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Fig. 2. X-ray negatives taken of Douglas-fir beetles in rearing-slabs showing: (% natural 
size) A. Numerous adults in early stage of gallery construction; B. Section of completed egg 
gallery showing numerous early instar larvae radiating out to the left (positive print); 
C. Mature larvae and pupae — mining of the larvae has obscured all but the upper curved 
portion of the parent gallery. 
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Food-Plant Spectrum and Elimination of Disease of 
Cinnabar Moth Larvae, Hypocrita jacobaeae (L.) 
(Lepidoptera: Arctiidae) 


By G. E. Bucuer anp P. Harris 


Entomology Research Institute for Biological Control, Research Branch 
Canada Department of Agriculture, Belleville, Ontario 


Feeding Tests 

The cinnabar moth, Hy pocrita jacobaeae (L.), is the principal enemy of tansy 
ragwort, Senecio jacobaea L., in Europe. To determine if this moth could be 
safely liberated in Canada to control tansy ragwort, breeding stocks were im- 
ported as pupae from Sweden and Ireland for laboratory feeding tests. Larval 
feeding tests with various important economic plants before the moth was in- 
troduced to New Zealand from Britain (Cameron, 1935), to Australia from 
Britain (Currie and Fyfe, 1938), and to the United States from France (Parker, 
1960) showed that the larvae would not survive on any of those tested. Such 
investigations specifically excluded certain crops from damage by the moth but 
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did not indicate the range of plants that can be eaten. It is essential that an 
insect used in weed control should be highly restricted in its diet. If this re- 
striction is related to nutrient discrimination, as described by Kennedy and 
Booth (1951) for Aphis fabae Scop., it would be necessary to screen many more 
economic plants than if it is related to “secondary” plant substances associated 
with a taxonomic group, as described by Fraenkel (1953). Thus, besides ad 
hoc tests on important plants, tests to determine the potential host spectrum of 
an insect are warranted before it is liberated against a weed. The plant spectrum 
of the cinnabar moth was determined by feeding the larvae on several genera in 
the tribe Senecioneae and representatives of most other tribes of Compositae that 
occur in Canada. 


Larvae were fed on fresh leaves of the test plants until they either matured 
or died. Ten newly-hatched, unfed larvae and ten third-instar larvae reared on 
the normal host were tested on each plant species. Feeding occurred on all 
genera in the tribe Senecioneae tested: Senecio, Erechtites, Arnica, and Calcalia. 
Four species of Senecio were suitable for development: S. jacobaea L., S. 
vulgaris L., S. cineraria D.C., and S. pauperculus Michx. Larvae matured on 
Erechtites hieracifolia (L.) Raf. though they had diarrhoea; on E. arguta D.C. 
third-instar larvae matured but first-instar larvae died at the end of the stadium. 
Extensive feeding but little development occurred on Arnica longifolia Eaton 
and Calcalia suaveolens L. First-instar larvae fed slightly on Carthamus tinctorius 
L. (tribe Cynareae) but third-instar larvae did not feed on these plants and 
neither instar fed on Cirsium arvense (L.) Scop. in the same tribe. No feeding 
or only slight nibbling occurred on: Taraxacum officinale Weber (tribe Cich- 
orieae); Aster sp. and Erigeron philadelphicus L. (tribe Astereae),; Achillea 
millefolium L. and Chrysanthemum leucanthemum L. (tribe Anthemideae); 
Eupatorum rugosum Houtt. (tribe Eupatoreae); Ambrosia artemisiifolia L. 
(tribe Heliantheae), but Parker (1960) found that the larvae fed freely on Cosmos 
sp. in this tribe although this plant was not suitable for sustained development. 


The results suggest that there is a feeding stimulant present in the tribe 
Senecioneae though only members of Senecio and closely related genera, such as 
Erechtites, will sustain development. The nibbling that occurred on many 
plants in other tribes is a fairly common reaction of starving larvae and does 
not indicate that the plant is palatable; however a few species with little apparent 
connection with each other, such as Cosmos sp. and Carthamus tinctorius, were 

eaten. It is likely that starvation reduced the sensory discrimination of the 
larvae so that they would eat plants lacking the sensory attractants of the Sene- 
cioneae, providing they are not strongly distasteful. There is little danger that 
such plants would be seriously attacked in the field because there is nothing to 
attract the insect to them. 


Diseases 


During the feeding tests particular attention was paid to the occurrence of 
disease. Workers who investigate the biological control of weeds take special 
care to avoid introducing parasites or predators with the desired phytophagous 
insect, but they have paid little heed to the presence of disease or its elimination 
before liberation of the insect. Lepidoptera are notoriously susceptible to 
microsporidian and virus diseases. Both of these can be transmitted from gen- 
eration to generation by the egg, and thus may determine not only whether or 
not the original colony becomes established but also may limit its spread and 
effectiveness. Attempts to control weeds by introducing Lepidoptera may fail 
simply because the liberated colonies are diseased. For example, the cinnabar 
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moth failed to become established in Australia because a polyhedrosis, almost 
certainly imported with the moth, wiped out nearly the total field population 
(C.S.LR.O., 1959). Similarly, Melitara prodenialis (Walk.) and M. doddalis 
(Dyar) failed to become established on prickly ~pear in Hawaii; the liberations 
consisted of survivors from diseased rearing stocks (Fullaway, 1954) and pro- 
bably carried the disease to the field. On the other hand no virus or micro- 
sporidian disease is recorded in Australia on Cactoblastis cactorum (Berg.) 
(Dodd, 1940), one of the few species of Lepidoptera that has been successful 
in weed control. 

During the feeding tests the cinnabar moth larvae suffered heavy mortality 
from a microsporidian disease. Though Fantham and Porter (1913) reported 
the experimental infection of H. jacobaeae with spores of Nosema apis Zander, 
a microsporidian that normally attacks the honey bee, we found no reference 
to a microsporidian disease of H. jacobaeae in nature. Thus observations on the 
disease and its transmission are presented. 

The disease was caused by an unknown species of the genus Nosema Nageli, 
as each sporont develops into a single spore with a single polar filament. A 
detailed study of the form of the developmental stages and the process of schizo- 
gony was not made. Mature spores varied in shape and size. Most were ovoid 
or slightly pyriform, but about 5 per cent were distinctly fusiform, an unusual 
shape for microsporidian spores. Measurements of 100 living spores prepared 
from a number of pooled larvae gave the modal size as 4 x 2 u, the mean length 
as 3.9 + 0.6 wu, the mean diameter at the widest point as 2.0 + 0.3 uw, and the 
range as 3.0 to 5.5 by 1.7 to 3.0 u. Spores were resistant to stains. In dark field 
they were highly refractive, with thick, bright walls surrounding a dark central 
portion in which some slightly refractive random patterns appeared. When 
dried in 1 per cent nigrosin films and viewed by bright field (Fig. 1), they 
showed the presence of a bright central area that probably indicates the position 
of a polar capsule. We were unable to induce the extrusion of a polar filament 
by acetic acid, nitric acid, iodine, or glycerol. Poiar filaments extruded by 
mechanical pressure were about - u long, rarely exceeded 60 u long, and had 
wave lengths of approximately 2 

In larvae the disease javtoge’ in the fat body, midgut epithelium, silk glands, 
and malpighian tubules.’ It causes death of the host when the infection is 
sufficiently w idespread to interfere seriously with the functions of these tissues. 
Infection begins i in the silk glands and spreads to the midgut epithelium, then to 
the malpighian tubules, and finally to the fat body. The host cells undergo 
some hypertrophy but, except for the fat body, this is not excessive. The disease 
progresses slowly and most larvae die before’ pupation, but lightly infected ones 
may produce apparently normal pupae. Such pupae carry microsporidian 
spores in the malpighian tubules, the haemocoel, and the lumen of the gut. 
Spores in the latter site are deposited when the infected larval midgut epithelium 
disintegrates within the new gut epithelium that is formed during the prepupal 
and pupal stages. The diapausing pupa lives for about 10 months and consider- 
able mortality occurred even in pupae that were not diseased. But the disease 
seemed to increase mortality, as 20 per cent of unemerged pupae from Sweden 
were infected with the microsporidian whereas only 10 per cent of adults that 
emerged from this lot of pupae were diseased. Infected adults carry micro- 
sporidian spores in the blood and can be diagnosed as infected by examination 
of the abdominal contents towards the end or after their oviposition period. 
Eggs laid by infected females may also be infected and small numbers of spores 
are visible among the yolk granules even while the eggs are still within the 
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Fig. 1. Bright field photograph x 1600 of a dried smear of microsporidian spores sus- 
pended in 1 per cent nigrosin. Photograph by T., Stovell. 


oviducts. Larvae from infected eggs that die within the first or second stadia 
from infections of the silk glands and midgut epithelium show little or no infec- 
tion of the malpighian tubules or fat body. Apparently some eggs of infected 
females escape infection but the resulting larvae catch the disease from their 
infected siblings and die in later stadia with more generalized infections. As the 
gut epithelium is infected, transmission probably occurs through contamination 
of the food by the faeces as well as by the disintegration of infected larvae after 
death. However, we did not examine faeces for the presence of infective spores. 
Transmission occurs readily between individual larvae reared in groups if any 
member is infected and mortality in the group may be complete. Surviving 
larvae from infected groups are likely to be carriers of infection for the filial 
generation. Thus we found that two-thirds of the apparently healthy pupae of 
group rearings were infected. 

No specific designation of this microsporidian is proposed because we do not 
wish to add to the already confused taxonomy of the genus Nosema by describ- 
ing a new species from its occurrence in a new host insect. Thomson (1960a) 
thought that spore size and the length of the polar filament were valuable specific 
characters. On this basis, the microsporidian of the cinnabar moth is most nearly 
identical with Nosema cerasivoranae (Thomson, 1960b, c), a pathogen of Archips 
cerasivoranus (Fitch) in Canada. This identification is questionable because the 
host insects are widely separated both taxonomically and geographically and 
because N. cerasivoranae is not known to attack the ‘midgut. At any rate, the 
microsporidian of the cinnabar moth cannot be identified as Nosema apis, which 
has a much larger spore and infects only the midgut. Perhaps the experimental 
infection of the cinnabar moth with N. apis (Fantham and Porter, 1913) was 
complicated by endemic microsporidian infection of the test insects. 
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Spores from the cinnabar moth are also similar to those of Nosema bombycis 
Nageli, which has been reported to infect experimentally a related arctiid, Arctia 
caja (L.) (Kudo, 1924). N. bombycis, however, produces generalized infection 
of all tissues of its host. 

In our rearings from Swedish stock only one larva was infected with a virus. 
It died in instar III with a typical cy toplasmic polyhedrosis of the midgut epi- 
thelium. The disease was not transmitted to siblings. Hughes (1957) and 
Martignoni and Langston (1960) did not record cytoplasmic polyhedroses of 
the cinnabar moth, but listed nuclear polyhedroses following experimental cross- 
infection tests with exotic viruses from other insects. These results might be 
interpreted as demonstrating that the test populations were naturally infected, 
especially as the tests were performed in England and as there is other evidence 
that English populations of the cinnabar moth are infected with a virus. For 
example, colonies introduced from Great Britain to New Zealand (Miller, 1929) 
and Australia (Bornemissza in litt., 1960) were so heavily infected with virus 
that laboratory propagation failed. We did not encounter a nuclear polyhedrosis 
in our material. 

To obtain a disease-free stock of Swedish origin for release in Canada, in- 
dividual females were caged for oviposition in 1” x 3” vials immediately after 
pairing. The moths were examined for microsporidia after four days, when 
oviposition was complete, and the whole brood destroyed if any spores were 
found. Two first-instar larvae were examined from each of the remaining broods 
and any broods showing the disease were destroyed. Larvae in the surviving, 
apparently healthy broods were reared in separate containers with precautions 
against disease transmission. Two mature larvae from each brood and all larvae 
that died or were retarded in development during rearing were also examined. 
As no microsporidian disease was found after the -first-instar examination, we 
concluded that a disease-free stock had been obtained. 


A survey of the literature on insects used in weed control showed that there 
were relatively fewer successes with species of Lepidoptera than with those of 
other orders. We believe that the liberation of diseased stock is in large measure 
responsible. Virus and microsporidian diseases are particularly detrimental as 
they can be transmitted from one generation to the next. Evidence of disease 
is indicated by the frequent mention of abnormally high mortalities in Lepidop- 
tera reared for liberation. As a rule, the cause of mortality was not specifically 
identified and no previous attempt was made to eliminate disease. The practice 
of importing large numbers of individuals from several localities and then mass 
rearing for liberation undoubtedly spreads any disease present through the 
colony. We believe that disease could often be eliminated by individual’ rear- 
ings and by destroying any diseased broods, as in the present study. 
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The Seasonal Development of a Species of Conophthorus 
(Hopkins) (Coleoptera: Scolytidae) in the Shoots of Jack Pine, 
Pinus banksiana (Lamb.), in Ontario’ 


By H. Herpy anp J. B. THomas 


Forest Insect Laboratory, Sault Ste. Marie, Ontario 


Introduction 

Two publications dealing with the seasonal development of species of 
Conophthorus have appeared in recent years. Lyons (1956) reported on a study 
of C. resinosae Hopk. in red pine, Pinus resinosa Ait., in Ontario, whereas Ruckes 
(1958) gave the details of his observations on C. radiatae Hopk. in Monterey 
pine, Pinus radiata D. Don, in California. Both species attack the developing 
cones of the host tree, although Lyons found that C. resinosae would develop in 
the shoots of red pine, and occasionally attacked the second-year cones of jack 
pine as well. The jack pine- inhabiting species, however, has ‘been found almost 
exclusively in the shoots; only seven second-year cones that had been mined were 
collected during two years of investigation. 


In 1956, some of the beetles collected from jack pine shoots were identified 
by the Entomology Research Institute, Research Branch, Ottawa, as “possibly 
C. resinosae”, and others as “possibly C. coniperda (Schz.)”, species hitherto 
known only from red pine and white pine, Pinus strobus L.., respectively (Thomas 
and L indquist, 1956). A morphological study of the adult beetles from the three 
host trees is currently under way in an attempt to clarify the identity of the 
species occurring in jack pine shoots. Because it may be some time before this 
study is completed, it is considered advisable to record what is known about the 
jack pine species in advance of its specific identification. 

Collections of this beetle by the authors in northwestern Ontario from 1955 
to 1959, and by the Forest Insect Survey in 1958, suggest that the distribution 
of the insect in Ontario coincides with the range of jack pine. A low incidence 
of attack occurred over most of this area with the exception of Port Arthur, 


1Contribution No, 708, Forest Biology Division, Department of Forestry, Ottawa, Canada. 
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Geraldton, White River, and Gogama districts where the attack was more severe. 
Most of the damage has been to jack pine, but some has been noted on Scots pine 
in the Port Arthur district, and red pine in the districts of Port Arthur, Sudbury, 
North Bay, and Pembroke. 

This investigation of the seasonal development and habits of this species 
was conducted from the Black Sturgeon Lake Field Station, 60 miles northeast 
of Port Arthur, although most of the insects were collected at Beardmore, east 
of Lake Nipigon, where the infestation was particularly severe. 


Methods 

The seasonal development was followed by dissecting infested shoots 
collected periodically from early May until late September. Also, a large 
collection of damaged shoots was made in early May and placed in rearing jars 
in the insectary. A few of these shoots were then preserved in alcohol each day 
and later dissected to supplement the information obtained from examination of 
the periodic collections. A few eggs and larvae were reared on slices of green 
jack pine cones, but all stages of the remainder of the beetles dissected from the 
shoots were preserved in alcohol for later study. The preserved larvae were 
used to determine the number of instars by means of head-capsule widths. 

Approximately 300 damaged shoots were tied to the branches of a clump of 
jack pine trees, six to ten feet high, located at the field station, to provide insects 
for daily observations. All debris was cleared from around the trees and a layer 
of sand was spread beneath them to assist in locating infested shoots dislodged 
by the wind. 

Seasonal Development 

About the time the new shoot begins to elongate, the adult beetle cuts an 
entrance hole in the terminal portion of the previous year’s growth, about one- 
half to three-quarters of an inch below the beginning of the new shoot. Resin, 
mixed with boring dust, accumulates around the entrance hole, forming a con- 
spicuous pitch tube. The beetle then cuts through the xylem, leaving the new 
shoot supported only by a ring of bark, so that the upper portion of the stem 
begins to wilt (Fig. 1). This is the first noticeable effect on the tree and is 
generally apparent by the first week in June. 

The female constructs an egg tunnel distal to the entrance cavity in the wood 
just beneath the bark. The eggs are placed singly in niches cut into the side of 
the tunnel and covered over with boring dust. Adult tunnels containing eggs 
averaged one inch in length with the distal ends just penetrating the current 
year’s growth. A number of attacks in early May do not result in oviposition 
and may be feeding sites. Under insectary conditions, eggs required a minimum 
of 16 days incubation. 

Eggs have been found in the spring attacks from May 24 to July 16. They 
are pearly white, averaging 0.88 mm. long by 0.60 mm. wide. Although the 
fecundity of individual females was not established, more than one shoot can be 
attacked and some data were obtained on the number of progeny per shoot. In 
1958, 96 shoots were collected in June and reared for part of the summer. 
When dissected, the number of eggs, larvae, pupae and young adults ranged 
from one to 17 yielding a possible average of 4.2 individuals if all stages reached 
maturity. A total of 213 shoots, dissected immediately after collection during 
the summer of 1958, averaged 2.7 individuals per shoot. Similarly, 586 shoots, 
dissected in 1959, gave an average of 3.2. The lower average number of 
individuals per shoot taken over the season reflects loss due to parasitism, preda- 
tion, and other mortality factors that probably do not act as effectively under 
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Fig. 1. Wilted jack pine shoot showing pitch tube formed about the entrance hole of 
the bark beetle, Conophthorus sp. (Photo by D. C. Anderson). 


insectary conditions. The largest number of individuals exclusive of old adults 
in any one shoot during the two years was 12. Over 88 per cent of the shoots 
dissected in 1958 contained from one to four insects in all stages of development, 
whereas, in 1959, 61 per cent of the dissected shoots contained one to three insects. 


Larvae were usually present by the first week in June, the earliest record 
being June 5. The larvae feed in the w oody portion of the old stem and extend 
the egg tunnel into the current year’s shoot. Plotting the per cent frequency 
of measurements of the head capsule width of 526 preserved larvae indicated 
two instars (Fig. 2), similar to that found by Lyons (1956) for C. resinosae and 
Ruckes (1958) for C. radiatae. Assuming 0.435 mm. as the dividing point 
between the two instars, the mean head capsule widths of the first and second 
instars were 0.390 + 0.030 mm. and 0.543 + 0.015 mm. respectively. Similar 

calculations with the head capsule widths of 45 living larvae measured before and 
after moulting gave mean widths of 0.362 + 0.026 mm. and 0.505 + 0.026 mm. 
for the first and second instars. Larvae being reared spent four to 13 days in 
the first instar and five to 17 days in the second. 

Pupation occurs in a small cell constructed at the point where feeding ceases. 
Pupae appeared first in reared material by June 30, and four days later in field 
collections. The pupal period lasted six to 13 days. Young adults were first 
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PER CENT FREQUENCY 








0.235 0.275 0.315 0.355 0.395 0.435 0.475 Q515 0.555 0.595 0.635 
HEAD CAPSULE WIDTH IN MM. 


Fig. 2. Head width frequency distribution for Conophthorus sp. in jack pine shoots 
(based on 526 larvae). 


found July 8. The developmental period from larva to adult, therefore, ranged 
from 13 to 32 days, indicating some individuals developed from egg to adult in 
35 days. The young adults feed in the shoot for a time before emerging. 


The parent beetles produce a second brood in late June and early July. 
Although the new shoots may be attacked anywhere along their length, the 
entrance hole in most cases is within an inch of the base of the new bud, as in 
the spring attack. 

New adults from both broods emerge from July to September and attack 
the shoots near the base of the bud, mining into its tip. Because many of the 
buds examined at this time are empty, it appears that an adult may sometimes 
attack more than one, earlier ones being abandoned after a period of feeding. 
The feeding sites are conspicuous as a few of the needles adjacent to the bud 
turn brown. These shoots are very fragile and easily broken by the wind, 
carrying the buds and beetles to the ground. In the experimental field plot, the 
fallen buds were easily located on the sand beneath the trees. The positions of 
approximately 100 buds, each containing one beetle, were marked by wooden 
stakes, and were examined periodically. The beetles were still present at the 
end of September during which period the temperature had ranged from 75°F 
to below freezing and back to the former temperature. Four inches of snow had 
fallen ard melted during this period. These adults were found in the same 
location in early May, 1960, proving that the overwintering site was in fallen buds. 


Attack generally occurs on the apical shoots of the lateral branches usually 
in the upper crown of the tree. F requently the main terminal of the tree is also 
attacked. Continued attacks over a period of several years increase the number 
of lateral shoots and produce a clumping of the foliage on some trees. Damage 
is most prevalent on small trees one to five inches d.b.h. growing in the open 

along roads, and in plantations, fields, and cut-over areas. As many as 60 shoots 
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may be infested on a single tree in open stands. Heavily stocked stands are not 
entirely immune. An infestation occurred in one stand near Pays Plat, 45 miles 
east of Nipigon, in which the trees were 17 or 18 years old, 0.5 to 4.0 inches 
d.b.h., and the stocking was 2,265 trees per acre. A tally of all trees on 0.37 
acres revealed that 30 per cent of the trees were attacked, and the leader was 
killed on 39 per cent of these trees. 


Parasites 


Two species of parasites, individually reared from the bark beetle larvae 
were identified at the Entomology Research Institute, as Eurytoma pini Bugbee, 
and Habrocytus sp. 
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Laboratory Studies on Mating and Oviposition of 
Hylemya brassicae (Bouché) (Diptera: Anthomyiidae)’ 


By G. E. Swattes 


Canada Agriculture Research Station, Lethbridge, Alberta 


Reports in the literature on the activities of adults of the cabbage maggot, 
Hylemya brassicae (Bouché), are scanty, sometimes not in agreement with one 
another, and usually recorded in conjunction with observations on field ecology. 
Now that individual insects are being used in studies of resistance in rutabagas 
(Swailes, 1960) a more detailed account of activities after adult emergence is 
available. This paper deals with the pre-oviposition, mating, and oviposition 
behaviour of the females and mating behaviour of the males. 


Methods and Materials 


Flies that had emerged from pupae collected in the fall were kept in the 
laboratory at 65-75° F. throughout the experiment. After emergence but before 
mating e each fly was placed in a four-dram shell vial closed with a cork. Each 
vial contained a strip of blotting paper moistened with a honey solution and 
sprinkled with a few grains of dry yeast. The strips were changed daily. Males 
and unmated females were kept in ‘these vials throughout their lives. 

For mating, a single male and female were placed together in a four-dram 
vial and observed continuously. Preliminary tests showed that mating was more 
likely to occur during the morning (8.00- 11.00 a.m.) and that females would not 
mate before the age of three days. Consequently, most males and females were 
confined together “during the morning and females aged only three or more days 


‘Contribution from the Entomology Section. 
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were used. Usually a male was left with a female for 30 minutes, as probable 
response of the female could be judged easily in that period. 


Each mated female was placed in a cage made from a one-pint paper con- 
tainer that had plastic film windows on about one-half the surface and a screened 
hole in the lid. A 10-ml. beaker, which was filled with cellucotton soaked with 
a 10 per cent honey solution, was placed along with some dry yeast on the floor 
of the cage. A small tin of moist soil containing a core of rutabaga was provided 
for oviposition. The honey container was changed three times a w eek and the 
oviposition tray was examined daily. All eggs removed from the oviposition 
trays were placed on moist blotting paper in petri dishes at room temperature 
to determine hatchability. 


Results and Discussion 

Mating 

Seventy females were observed in detail and 45 mated. The number of 
females that mated at each age between three and eight days was 6, 14, 13, 8, 1, 
and 3, respectively. Two females mated immediately on confinement with a 
male; four other females that mated at age three days were with males an average 
of 25 minutes before copulation occurred. When a female was not receptive, she 
would violently resist the males by vigorous flutterings of the wings and by quick 
flights away from the male whereas receptive females would remain quiet when 
approached. Copulation occurred after the male had gripped the female at the 
first abdominal segment with the prothoracic and mesothoracic legs. When a 
female showed a negative response to the male the period that the two were con- 
fined together was shortened. Fifteen females copulated at the first attempt to 
mount by a male. Others were mounted as many as eight times before a success- 
ful copulation, although mounts were not always culminated with post- abdominal 
thrusting by the male. 


The duration of copulation ranged from one to five minutes with an average 
time of two minutes and 42 seconds. The female invariably terminated the 
copulation. Opportunity for females to copulate two or more times was pro- 
vided by confining mated females with males for 30 minutes daily until the death 
of the female. Thirty -five of the 45 mated females were mounted again and this 
was accompanied by thrusting in 24 cases. These females resisted mating by 
curving their abdomens well under the body. In only three instances did a 
mated female copulate a second time; one female mated twice within 25 minutes 
with the same male and the others mated on two successive days. The latter 
two females did not Oviposit in the approximate 24 hours between matings. 
Apparently most females will mate only once. Although no tests were made 
with individual females confined with several males at one time, it was doubtful 
that the female response would differ from that of those confined with individual 
males. 


The 25 females that never mated were confined with males for an average 
of 198 minutes at —— 30-minute exposures over a period of from two 
to 22 days. Only five of these females were never mounted by males. 


The age of the males ranged from two to 11 days at mating and averaged 
six days but this was influenced by the receptivity of the females with which the 
male was paired. Male fertility was measured by the number of viable eggs 
produced by the female with which the male mated. Apparently the males were 
capable of mating from a minimum age of two days until near death. There was 
no relationship between the age of the male and its fertility. Frequency of mat- 
ing by the male did not influence its fertility either. Thirteen males mated twice, 
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TABLE I 


Oviposition cycles of nine females of Mylenys brassicae 


Days after 


mating Number of eggs 
1 33 0 57 10 53 63 0 40 |; il 
2 5 0 0 27 2 2 21 | +O | 23 
3 0 8 0 3 0 0 3 1 11 
4 0 31 0 0 0 0 6 0 | 0 
5 0 0 28 0 0 0 57 29 26 
6 0 0 18 0 6 0 oO | 0 6 
7 0 0 0 9 11 0 0 0 8 
x 0 0 5 25 20 0 | 40 3 0 
9 0 0 4 1 a4 0 11 25 
10 0 0 0 0 0 | 0 0 0 
11 0 0 0 0 37 0 1 0 
12 0 0 0 0 0 1 7 2 
13 0 0 0 16 0 12 21 12 
14 0 0 0 1 0 0 2 15 
15 0 0 0 10 0 0 0 0 
16 0 0 0 34 0 0 | 0 0 
17 0 0 0 3 0 0 | oO 0 
18 0 0 | 0 0 | 0 0 
19 0 1 14 0 0 
20 0 12 0 17 
21 0 0 0 0 
22 7 0 
23 0 9 
24 0 


two males mated on four separate occasions. One male mated twice with the 
same female within 25 minutes and with another female one hour later. These 
two females produced eggs that were 92 and 81 per cent viable, respectively. 


Longevity of adults has been shown to be about 29 days for the female and 
19 days for males (Foott, 1954), some females living as long as 63 days (Schoene, 
1916; Miles, 1951) and even more than three months (V odinskaya, 1928). In 
the experiments reported here one mated female lived for 44 days. The average 
age at death of the unmated females was 9.5 days compared with 22.2 days for 
the mated females. However, the unmated flies were kept in vials whereas the 
mated females were moved to oviposition cages immediately after mating. It 
is probable that proper selection of foods and attention to temperature and 
humidity could have increased the life span considerably. 


Oviposition 

Forty-two females that lived for eight days or more after mating laid an 
average of 78 eggs, ranging from a low of four to a high of 165. Brittain (1927) 
reported 103 eggs from one female and 20-50 mature eggs dissected from females 
taken in the field. The highest number was reported by Vodinskaya (1928), 
who recorded a maximum of 149 eggs from one female. 


Miles (1951) observed that over 67 per cent of the eggs from one fly were 
laid in the first 16 days of oviposition. In the tests reported here 27 of the 
females laid over 50 per cent of their eggs in the first five days of oviposition. 
Thirty-four females began laying on the first or second day after mating; one 
female laid 63 eggs in the first 24 hours after mating. This relation between 

mating and first oviposition indicated that the females became receptive to mat- 
ing only after the eggs were well developed and it could explain some of the 
age differences at mating described above. Failure of eggs to develop rapidly 
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may also be the reason why some short-lived females never mated. The pattern 
of oviposition probably reflected the ovulation cycle of the species. 

The cycles were not easily recognized in all cases; however, nine females 
appeared to have one cycle of ovulation before death, 16 had two, 12 had three, 
and five had four or more. 

The rate of development of eggs after first oviposition also varied consider- 
ably. Although the length of time between cycles varied from two to nine 
days, it remained relatively constant for each fly. Twenty-two of the females 
were dissected after death and all contained eggs varying from fully developed 
to about one-tenth the size of the mature eggs. The number of developing 
eggs in the ovarioles was not related to the ages of the females at death nor were 
the ages of the flies at mating related to the number of eggs produced. There 
was a tendency for the longer-lived females to lay more eggs. As could be 
expected those flies that had the greatest number of cycles of oviposition and 
short periods between cycles were the greatest producers. 

The average hatch per female was 79 per cent and varied from 18 to 100 
per cent. Eggs laid late in the life of the females were just as viable as those 
laid earlier. The two females that mated twice and lived to produce eggs laid 
94 and 144 eggs. Viability of these eggs was 92 and 85 per cent, respectively. 

One virgin female laid seven eggs at age nine days and another laid 25 eggs 
at age eight days. None of these eggs hatched. 


Summary 


Adults of Hylemya brassicae mated under laboratory conditions (65°-75° 
F.) in four-dram shell vials. Forty-five females mated between the ages of 
three and eight days and laid an average of 78 eggs each during an average life 
span of 22.2 days. The highest number of eggs recorded from one female was 
165. Average mating duration was two minutes and 42 seconds. Most females 
mated only once; only three females mated twice and two of these emg 
viable eggs. Ovulation cycles of two to nine days were indicated by the 
periodic nature of oviposition. Oviposition usually began the first day after 
mating. Two females that never mated laid a few eggs that did not hatch. 


The females required three days post-emergence maturation whereas the 
males would mate from age two days until death. Two males mated four times 
each and many mated more than once. 
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Nomenclature Notice 


In accordance with a decision of the 13th International Congress of Zoology, 
1948, public notice is hereby given of the possible use by the International Com- 
mission on Zoological Nomenclature of its plenary powers in connection with the 
following cases, full details of which will be found in Bulletin of Zoological No- 
menclature, Vol. 18, Part 4+ to be published on 11th August, 1961. 


(1) Designation of a type-species for Clathurella Carpenter, 1857 (Gastro- 
poda). Z.N. (S.)518; 

(2) Stabilization of Carcharhinus Blainville, 1816, Carcharodon A. Smith, 
1838, and Odontaspis J. L. R. Agassiz, 1838 (Pisces) Z.N. (S.)920; 

(3) Designation of a type-species for Lygus Hahn, 1833 (Insecta, Hemip- 
tera). Z.N. (S.) 1062; 
Designation of a type-species for Tritonia Cuvier, [1797] (Gastropoda). 
Z.N. (S.)1215; 

(5) Designation of a type-species for Myodocha Latreille, 1807 (Insecta, 
Hemiptera). Z.N. (S.) 1431; 


Any zoologist who wishes to comment on any of the above cases should do 
so in writing, and in duplicate, as soon as possible, and in any case before 11th 
February, 1962. Each comment should bear the reference number of the case 
in question. Comment received early enough will be published in the Bulletin 
of Zoologic al Nomenclature. Those received too late for publication will, if 
received before 11th February, 1962, be brought to the attention of the Com- 
mission at the time of commencement of voting. 


All communications on the above subject should be addressed as follows: 


The Secretary, 

International Commission on Zoological Nomenclature, 

c/o British Museum (Natural History), 

Cromwell Road, 

LONDON, S.W. 7. 

England. 

W. E. CHINA 
Assistant Secretary to the 
International Commission on 

Zoological Nomenclature. 


July, 1961. 
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